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Art.  I. — The  Muir  Oldcier ;  by  G.  Frederick  Wright. 

1.  Description  of  Glacier  Bay, 

The  Muir  glacier  enters  an  inlet  of  the  same  name  at  the 
head  of  Glacier  Bay,  Alaska,  in  latitude  58°  50',  longitude  136° 
40'  west  of  Greenwich.  (See  fig.  1.)*  Glacier  Bay  is  a  body 
of  water  about  thirty  miles  long  and  from  eight  to  twelve  miles 
wide  (but  narrowing  to  about  three  miles  at  its  upper  end)  pro- 
jecting in  a  northwest  direction  from  the  eastern  end  of  Cross- 
Sound.  The  peninsula  inclosed  between  Glacier  Bay,  Cross 
Sound  and  the  Pacific  Ocean  is  from  thirty  to  forty  miles  wide 
and  contains  numerous  lofty  mountain  peaks.  Mount  Crillon, 
opposite  the  head  of  the  bay,  is  15,900  feet  high,  and  Mount 
Fairweather,  ii  little  farther  north,  is  15,500  feet.  Mounts 
liituya  and  LaPerouse,  lying  on  either  side  of  Crillon,  are  not 
far  from  10,000  feet  above  the  sea.  To  the  east,  between 
Glacier  Bay  and  Lynn  Channel,  is  a  peninsula  extending  con- 
siderably south  of  the  mouth  of  the  bay,  and  occupied  by  the 
White  mountains,  whose  height  I  am  unable  to  ascertain,  but 
probably  having  no  peaks  exceeding  10,000  feet. 

Near  the  mouth  of  Glacier  Bay  is  a  cluster  of  low  islands 
named  after  Commander  Beardslee,  of  the  U.  S.  Navy.  There 
are  twenty-five  or  thirty  of  these,  and   they  are  composed  of 

*  The  maps  have  been  largely  made  from  origiDal  data,     lliey  are  square  with 
the  compass,  which  bears  here,  however,  28"*  east  of  north. 
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loose  material, — evidently  f^lacial  debris, — and  are  in  striking 
contrast  to  most  of  the  iolands  and  shores  in  southeastern  Alaska. 
These,  also,  like  all  the  other  land  to  the  south,  are  covered 
with  evergreen  forests,  tbou([h  ibe  trees  are  of  moderate  size. 
The  iBlands  and  shores  in  the  upper  part  of  the  bay  are  entirely 
devoid  of  forests.     Wtllougbby  Island,  near  the  middle  of  the 


bay,  is  a  bare  rock,  about  two  miles  long  and  1,500  feet  higli  -9 
showing  glacial  furrows  and  polishing,  from  the  bottom  to  th^s 
top.  Several  other  smaller  islands  of  similar  character  in  thl  ^ 
part  of  the  bay  show  like  signs  of  having  been  recently  coverc^^ 
with  glacial  ice. 

The  upper  end  of  the  bay  is  divided  into  two  inlets  of  utr~»: 
equal  lengths,  the  western  one  being  about  four  miles  wide  ai^  ^ 
extending  seven   or  eight  miles  (estimated)  in  the  direction  ^     - 
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tbe  main  axis  of  the  bay  to  the  northwest  The  eastern,  or 
Mnir,  inlet  is  a  little  over  three  miles  wide  at  its  mouth,  and 
extends  to  the  north  about  the  same  distance,  narrowing,  at  tbe 
upper  end,  to  a  little  over  one  mile,  where  it  is  interrupted  by 
toe  front  of  the  Mnir  glacier.     The  real  opening  between  tbe 


rooantains,  however,  is  here  a  little  over  two  miles  wide,  the 
upper  part  on  the  eastern  side  being  occupied  with  glacial  de- 
bris covering  a  triangular  space  between  the  water  and  the 
mountain  about  one  mile  wide  at  the  ice-front  and  coming  to  a 
point  three  miles  below,  beyond  which  a  perpendicular  wall  of 
rock  1,000  feet  high  rises  directly  from  the  water,     Thu  uiouii- 
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tain  on  the  west  side  of  Mair  inlet,  between  it  and  the  other 
fork  of  the  bay,  is  2,900  feet  high.  That  on  the  east  is  3,150 
feet  high,  rising  to  about  5,000  feet  two  or  three  miles  back. 
The  base  of  these  mountains  consists  of  metamorphic  slate 
whose  strata  are  very  much  contorted, — so  much  so  that  I  found 
it  impossible,  in  the  time  at  command,  to  ascertain  their  system 
of  folds.  Upon  the  summits  of  the  mountains  on  both  sides 
are  remnants  of  blue  crystalline  limestone  preserved  in  syncli- 
nal axes.  In  the  terminal  moraine  deposited  in  front  of  the 
glacier  on  its  eastern  side  are  numerous  bowlders  of  very  pure 
white  marble  coming  in  medial  moraines  originating  in  moun- 
tain valleys  several  miles  to  the  east.  Granitic  bowlders  are 
also  abundant 

2.  Dimensions  and  characteristics  of  the  Muir  Glacier. 

The  width  of  the  ice  where  the  glacier  breaks  through  be- 
tween the  mountains  is  10,664  feet — a  little  over  two  miles. 
But,  as  before  remarked,  the  water-front  is  only  about  one  mile. 
This  front  does  not  form  a  straight  line,  but  terminates  in  an 
angle  projecting  about  a  quarter  of  a  mile  below  the  northeast 
and  northwest  corners  of  the  inlet  The  depth  of  the  water 
300  yards  south  of  the  ice-front  is  (according  to  the  measure- 
ment of  Capt  Hunter  of  the  steamer  Idaho)  616  feet  near  the 
middle  of  the  channel ;  but  it  shoals  rapidly  toward  the  eastern 
shore.  According  to  my  measurements,  taken  by  leveling 
up  on  the  shore,  the  height  of  the  ice  at  the  extremity  of  the 
projecting  angle  in  the  middle  of  the  inlet  was  250  feet;  and 
the  front  was  perpendicular.  Back  a  few  hundred  feet  from  the 
projecting  point,  and  along  the  front  nearer  the  shores,  the  per- 
pendicular face  of  the  ice  was  a  little  over  300  feet.  A  little 
larther  back,  on  a  line  even  with  the  shoulders  of  the  moun- 
tains between  which  the  glacier  emerges  to  meet  the  water,  the 
general  height  is  408  feet  From  here  the  surface  of  the  gla- 
cier rises  toward  the  east  and  northeast  about  100  feet  to  the 
mile.  On  going  out  in  that  direction  on  the  ice  seven  miles  (as 
near  as  I  could  estimate)  I  found  myself,  by  the  barometer, 
1,050  feet  above  the  bay. 

The  main  body  of  the  glacier  occupies  a  vast  amphitheatre 
with  diameters  ranging  from  thirty  to  forty  miles.  This  esti- 
mate was  made  from  various  views  obtained  from  the  mountain 
summits  near  its  mouth  when  points  whose  distances  were 
known  in  other  directions  were  in  view.  Nine  main  streams 
of  ice  unite  to  form  the  grand  trunk  of  the  glacier.  These 
branches  come  from  every  direction  north  of  the  east-and-west 
Ifne  across  the  mouth  of  the  glacier;  and  no  less  than  seventeen 
•branches  can  be  seen  coming  in   to  join   the  main  stream 


M^^. 
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from  the  mountains  near  the  rim  of  the  amphitheatre,  making 
twenty -six  in  all.  Numerous  rocky  eminences  also  rise 
above  the  surface  of  the  ice,  like  islands  from  the  sea.  The 
two  of  these  visited,  situated  about  four  miles  back  from  the 
front,  showed  that  they  had  been  recently  covered  with  ice, — 
their  surfaces  being  smoothed  and  scored,  and  glacial  debris 
being  deposited  everywhere  upon  them.  Upon  the  side  from 
which  the  ice  approached  these  islands  (the  stoss  side)  it  rose, 
like  breakers  on  the  seashore,  several  hundred  feet  higher  than 
it  was  immediately  on  the  lee  side.  A  short  distance  farther 
down  on  the  lee  side,  however,  the  ice  closes  up  to  its  normal 
height  at  that  point.  In  both  instances,  also,  the  lee  side  of 
these  islands  seemed  to  be  the  beginning  of  important  subgla- 
cial  streams  of  water; — brooks  running  into  them  as  into  a 
funnel,  and  causing  a  backward  movement  of  ice  and  moraine 
material,  as  where  there  is  an  eddy  in  the  water.  In  both  these 
casen  the  lee  sides  of  these  islands  were  those  having  greatest 
exposure  to  the  sunshine.  The  surface  of  the  ice  on  this  side 
was  depressed  from  one  to  two  hundred  feet  below  the  general 
surface  on  the  lee  side. 

The  ice  in  the  eastern  half  of  the  amphitheatre  is  moving 
much  more  slowly  than  that  in  the  western  half.     Of  this  there 
are  several  indirect  indications.     First,  the  eastern  surface  is 
much  smoother  than  the  western.     There  is  no  difficulty  in 
traversing  the  glacier  for  many  miles  to  the  east  and  northeast. 
Here  and  there  the  surface  is  interrupted  by  superficial  streams 
of  water  occupying   narrow,  shallow  channels,   running  for  a 
short  distance  and  then  plunging  down  into  ^^moulins^^  to  swell 
the  larger  current,  which  may  be  heard  rushing  alon^  in  its  im- 
petuous course  far  down  beneath  and  out  of  sight.     The  ordin- 
ary light-colored  bands  in  the  ice  parallel  with  its  line  of  motion 
are  everywhere  conspicuous,  and   can  be  followed  on  the  sur- 
face for  long  distances.     When  interrupted  by  crevasses  they 
are  seen  to  penetrate  the  ice  for  a  depth  of  many  feet,  and  some- 
times to  continue  on  the  other  side  of  a  crevasse  in  a  different 
line,  as  if  having  suflfered  a  lateral  fault.     The  color  of  the  ice 
below    the  surface   is   an    intense   blue,    and   over   the  east- 
ern portion   this  color  characterizes  the   most  of  the  surface. 
Numerous  holes  in  the  ice,  penetrating  downward  from  an  inch 
or  two  to  several  feet  and  filled  with  water,  are  encountered  all 
oyer  the  eastern  portion.     Sometimes  there  is  a  stone  or  a  little 
d^rtinthe  bottom  of  these,  but  frequently  there  is  nothing 
whatever  in  them  but  the  purest  of  water.     In  the  shallower 
enclosures  on  the  surface  containing  water  and  a  little  dirt, 
J^oritx^  about  as  large  around  as  a  small  knitting  needle  and  an 
'^h  long  are  abundant. 
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3.  The  Moraines. 

The  character  and  course  of  the  moraines  on  the  eastern  half 
of  the  glacier  also  attest  its  slower  motion.  There  are  seven 
medial  moraines  east  of  the  north-and-south  line,  four  of  which 
come  in  to  the  main  stream  from  the  n^ountains  to  the  south- 
east (See  fig.  2.)  Near  the  rim  of  the  glacial  amphitheatre 
these  are  long  distances,  in  some  cases  miles,  apart;  but,  as 
they  approach  the  mouth  of  the  amphitheatre,  they  are  crowded 
closer  and  closer  together  near  its  eastern  edge,  until  in  the 
throat  itself  they  are  indistinguishably  mingled.  The  three 
more  southern  moraines  unite  some  distance  above  the  mouth. 
One  of  these  contains  a  large  amount  of  pure  marble.  This 
moraine  approaches  the  others  on  either  side  until  the  distance 
between  them  disappears,  and  its  marble  unites  in  one  common 
medial  moraine  a  mile  or  more  above  the  mouth.  The  fifth 
moraine  from  the  south  is  about  150  yards  in  width,  five  miles 
back  from  the  mouth.  It  is  then  certainlv  as  much  as  five,  and 
probably  eight,  miles  from  the  mountains  from  which  the  debris 
forming  it  was  derived.  All  these  moraines  contain  many 
large  blocks  of  stone,  some  of  which  stand  above  the  general 
mass  on  pedestals  of  ice,  with  a  tendencv  always  to  fall  over  in 
the  direction  of  the  sun.  One  such  block  was  twenty  feet 
square  and  about  the  same  height,  standing  on  a  pedestal  of  ice, 
three  or  four  feet  high.  It  is  the  combination  of  these  moraines, 
after  they  have  been  crowded  together  near  the  mouth,  which 
forms  the  deposit  now  going  on  at  the  northeast  angle  of  the 
inlet  just  in  front  of  the  ice.  Of  this  I  will  speak  more  fully  in 
connection  with  the  question  of  the  recedence  of  the  glacier. 
Similar  phenomena,  though  on  a  smaller  scale,  appear  near  the 
southwest  angle  of  the  amphitheatre. 

4.  Indirect  evidences  of  Motion. 

The  dominant  streams  of  ice  in  the  Muir  glacier  come  from 
the  north  and  the  northwest.  These  unite  in  the  lower  portion 
to  form  a  main  current,  about  one  mile  in  width,  which  is  mov- 
ing toward  the  head  of  the  inlet  with  great  relative  rapidity. 
Were  not  the  water  in  the  inlet  deep  enough  to  float  the  sur- 
plus ice  away,  there  is  no  knowing  how  much  farther  down  the 
valley  the  glacier  would  extend.  The  streams  of  ice  from  the 
east  and  southwest  have  already  spent  the  most  of  their  force 
on  reaching  the  head  of  the  inlet ;  and,  were  it  not  for  this 
central  ice-stream,  a  natural  equilibrium  of  forces  would  be 
established  here  independent  of  the  water,  and  no  icebergs 
would  be  formed.  The  surfac^  of  this  central  current  of  mo- 
tion is  extremely  rough,  so  that  it  is  entirely  out  of  the  ques- 
tion to  walk  far  out  upon  it.     On  approaching  this  portion  of 
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the  glacier  from  the  east  the  transverse  crevasses  diagonal  to 
the  line  of  motion  increase  in  number  and  size  until  the  whole 
surface  is  broken  up  into  vast  parallelograms,  prisms  and 
towers  of  ice,  separated  by  yawning  and  impassable  chasms 
scores  and  hundreds  of  feet  in  depth.  Over  this  part  of  the 
ice  the  moraines  are  interrupted  and  drawn  out  into  thinner 
lines,  often  appearing  merely  as  patches  of  debris  on  separate 
masses  of  ice.  This  portion  of  the  ice-current  presents  a  lighter 
colored  appearance  than  other  portions,  and  the  roughened 
lines  of  motion  can  be  followed,  as  far  as  the  eye  can  reach, 
through  distant  openings  in  the  mountains  to  tne  north  and 
the  northwest 

The  comparative  rapidity  of  the  motion  in  this  part  of  the 
ice  is  also  manifest  where  it  breaks  off  into  the  water  at  the 
head  of  the  inlet     As  already  said,  the  perpendicular  front  of 
ice  at  the  water's  edge  is  from  250  to  300  feet  in  height     From . 
this  fiont  there  is  a  constant  succession  of  falls  of  ice  into  the 
water,  accompanied  by  loud  reports.     Scarcely  ten  minutes 
either  day  or  night  passed  during  the  whole  month  without  our 
being  startled  by  such  reports,  and  frequently  they  were  like 
thanderelaps  or  the  booming  of  cannon  at  the  bombardment 
of  a  besieged  city,  and  this  though  our  camp  was  two  and  a 
half  miles  below  the  ice-front     Sometimes  this  sound  accom- 
panied the  actual  fall  of  masses  of  ice  from  the  front,  while  at 
other  times  it  was  merely  from  the  formation  of  new  crevasses 
or  the  enlargement  of  old  ones.     Repeatedly  I  have  seen  vast 
columns  of  ice,   extending  up  to  the  full  height  of  the  front, 
topple  over  and   fall   into  the  water.     How  far  these  columns 
extended  below  the  water  could  not  be  told  accuratelv,  but  I 
have  seen  bergs  floating  away  which  were  certainly  500  feet  in 
length.     At  other  times  masses  would  fall  from  near  the  sum- 
mit breaking  off  part  way  down,  and  splashing  the  spray  «p  to 
the  very  top  of  the  ice,  at  least  250  feet     The  total  amount  of 
ice  thus  falling  off  could  not  be  directly  estimated,  but  it  is 
enormous.      Bergs   several  hundred    feet  long  and  nearly   as 
broad,  with  a  height  of  from  twenty  to  sixty  feet,  were  numer- 
ous and  constantly  floating  out  from  the  inlet.     The  steamer 
met  such  one   hundred  miles    away  from    the  glacier.      The 
smaller  pieces  of  ice  often  so  covered  the  water  of  the  inlet 
n^iles  below  the  glacier  that  it  was  with  great  difficulty  that  a 
canoe  could  be  pushed  through.     One  of  the  bergs  measured 
^as  sixty  feet  above  water  and  about  four  hundred  feet  square. 
The  portion  above  water  was  somewhat  irregular,  so  that  prob- 
^Wy  a  syi'imetrical  form  thirty  feet  in  height  would  have  con- 
^^ned  it     But  even  at  this  rate  of  calculation,  the  total  depth 
vould  be  two  hundred  and  forty  feet.     The  cubical  contents  of 
the  berg  would  then  be  almost  40,000,000  feet.     Occasionally, 
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when  the  tide  and  wind  were  favorable,  the  inlet  woold  for 
few  hours  be  comparatively  free  from  floating  ice ;  at  oth< 
times  it  would  seem  to  be  full 

5.  Stibgladal  Streams, 

The  movements  of  the  glacier  in  its  lower  portions  are  pro 
ably  facilitated  by  the  subglacial  streams  issuing  from  the  fron. 
There  are  four  of  these  of  considerable  size.     Two  emerge  i 
the  inlet  itself,  and  come  boiling  up,  one  at  each  corner  of 
icefront,  making  a  perceptible  current  in  the  bay.     There  a 
also  two  emerging  from   under   the   ice   where  it  passes  t 
shoulders  of  the  mountains  forming  the  throat  of  tne  glacic 
These  boil  up,  like  fountains,  two  or  three  feet,  and  make  the 
way  through   the  sand  and  gravel  of  the  terminal  moraine  f 
about  a  mile,  and  enter  the  inlet  250  or  300  yards  south  of  t 
ice-front     These  streams  are  perhaps  three  feet  deep  and  fro 
twenty  to  forty  feet  wide,  and  the  current  is  very  strong,  sin 
they  fall  from  150  to  250  feet  in  their  course  of  a  mile.     It 
the  action  of  the  subglacial  streams  near  the  corners  of  t 
inlet  which  accounts  for  the  more  rapid  recession  of  the  glac 
front  there  than   at  the  middle  point  projecting  into  the  wa 
south  of  the  line  joining  the  eastand-west  corners.     It  ? 
also  noticeable  that  the  falls  of  ice  were  much  more  frequ^ 
near  these  corners,  and  the  main  motion  of  the  ice  as 
wards  measured  was,  not  toward  the  middle  point  project!  » 
into  the  inlet,  but  toward  these  corners  where  the  subglaei 
streams  emerged  below  the  water. 

6.  Direct  meastirement  of  the  Velocity. 

No  small  difficulty  was  encountered  in  securing  direct  ms^^^* 
urements  of  the  motion  ;  and,  as  the  results  may  be  question  ^^^> 
I  will  give  the  data  somewhat  fully.     As  it  was  impossible      '^ 
cross   the  main  current  of  the  glacier,  we  were  compelled     *^ 
take    our    measurement    by  triangulation.     But  even  thetB       '^ 
seemed  at  first  necessary  to  plant  flags  as  far  out  on  the  ice    ^^ 
it  was  safe  to  venture.     This  was  done  on  the  second  day    ^' 
our  stay,  and  a  base-line  was  established  on  the  eastern  sho*"^* 
about  a  mile  above  the  mouth,  and  the  necessary  angles  wrCJ**® 
taken.     But  on  returning  to  repeat  the  observations  three  ^^ 
four  days  afterwards  it   was  found  that  the  ice  was  melti*^? 
from  the  surfiice  so  fast  that  the  stakes  had  fallen,  and  th^J^® 
were  no  means  at  command  to  make  them  secure.      Besid^^ 
they  were  not  far  enough  out  to  be  of  much  service.     It  f'^t" 
peared  also  that  the  base-line  was  on  a  lateral  moraine,  whi^^ 
was,  very  likely,  itself  in  motion.     But  by  this  time  it  had  b  "^^* 
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come  evident  that  the  masses  of  ice  uniting  to  compose  the 
main  stream  of  motion  retained  their  features  so  perfectly  from 
day  to  day  that  there  was  no  difficulty  in  recognizing  many  of 
them  much  farther  out  than  it  was  possible  to  venture  to  plant 
stakes.  Accordingly  another  base-line  was  established  on  the 
east  side  opposite  the  projecting  angle  of  ice  in  the  inlet  From 
this  position  eight  recognizable  points  in  diflferent  portions  of 
the  ice-field  were  triangulated, — the  angles  being  taken  with  a 
sextant.  Some  of  the  points  were  triangulated  on  five  diflfer- 
ent times,  at  intervals  from  the  eleventh  of  August  to  the  sec- 
ond of  September.  Others  were  chosen  later  and  triangulated 
a  fewer  number  of  limes.  In  all  cases  given  the  angles  were 
taken  independenily  by  Mr.  Prentiss  Baldwin  of  Cleveland 
and  myself  and  found  to  agree. 

The  base-line   finally  chosen  (marked  B  on  fig.  2)  was  at 
the  foot  of  the  mountain  exactly  east  by  the  compass  from  the 
projecting  angle  of  ice  in  the  inlet.     The  elevation  of  the  base- 
line was  -108  feet  above  tide,— corresponding  to  that   of  the 
ice-front.     The  distance  of  this  projecting  point  of  ice  (marked 
C  on   fig.  2)  from   the   base-line  was   8,534   feet,   and  it  re- 
mained very  nearly  stationary  during  the  whole  time, — show- 
ing that  the  material  breaking  otf  from  the  ice-front  was  equal 
to  that  pushed  along  by  the  forward  movement.     Satisfactory 
observations  were  made  upon  eight  other  points  numbered  and 
located  on  fig.  2. 

No.  1  was  a  pinnacle  of  ice  l,i76  feet  N.  by  30°  E.  from  C. 
The  movement  from  Aug.  14  to  Aug.  24  was  1,653  feet  E.  by 
15°  S.  After  this  date  the  pinnacle  was  no  longer  visible,  hav- 
ing disappeared  along  the  wasting  line  of  front  beiween  C  and 
the  subglacial  stream  at  the  northeast  corner  of  the  inlet. 

No.  2  was  a  conspicuous  pinnacle  of  ice  2,416  feet  N.  by 
16**  E.  of  C.  Observations  were  continued  upon  this  from  Aug. 
11  to  Sept.  2.  The  total  distance  moved  during  that  time  was 
1,417  feet,  or  about  sixty-five  feet  per  day.  From  Aug.  14  to 
Aug.  24  the  movement  was  715  feet,  or  about  seventy-one  feet 
per  day.  The  difference  is,  however,  perhaps  due  to  the  neg- 
lect to  record  the  hours  of  the  day  when  the  observations  were 
takea.  As  these  observations  were  wholly  independent  of 
each  other,  their  substantial  concordance  demonstrates  that 
there  was  no  serious  error  in  the  observations  themselves. 
The  direction  of  movement  of  this  point  of  ice  was  very  nearly 
the  same  as  that  of  the  preceding,  namely,  E.  16°  S.  This 
also  is  towards  the  subglacial  stream  emerging  from  the  north- 
east corner  of  the  inlet. 

No.  3  was  observed  <mly  from  Aug.  20  to  Aug.  24.  It  was 
situated  8,893  feet  N.  by  62°  E.  of  C,  and  moved  105  feet  in  a 
westerly  direction.      The  westerly  course  of    this  movement 
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prdbably  arose  from  fts  beiDg  near  where  the  easterly  and  north- 
easterly currents  joined  the  main  movement 

No.  4  was  5,115  feet  N.  42°  E.  of  C,  and  moved  from 
Aug.  20  to  Aug.  24,  143  feet  in  a  southeasterly  direction. 

No.  5  was  5,580  feet  N.  48**  E.  of  C,  and  moved  289  feet 
from  Aug.  20  to  24  in  a  direction  E.  by  39°  S. 

No.  6  was  5,478  feet  N.  70°  E.  of  C,  and  moved  232  feet 
from  Aug.  11  to  Sept.  2  in  a  direction  S.  66°  E. 

No.  7  was  6,903  feet  N.  59°  E.  of  C,  and  moved  89  feet 
between  Aug.  14  and  Aug.  24  in  a  direction  S.  3°  E.,  about 
nine  feet  per  day. 

No.  8  was  7,507  feet  N.  62°  E.  of  C,  and  moved  265  feet 
from  Aug.  14  to  Aug.  24  in  direction  S.  56°  E.     These  lasl^ 
three  points  lay  in  one  of  the  moraines  on  the  east  side  of  the. 
line  of  greatest  motion  and  parallel  with  it.     These  morain< 
are  much  interrupted  in  their  course  by  gaps. 

Not  having  a  logarithmic  table  with  me  in  camp  these  poini 
brought  under  observation  proved  niuch  nearer  the  eastern  sid^ 
than  I  supposed  at  the  time.     But  the  distances  are  so  grea  ^ 
that  nothing  better  could  be  done  from  the  base-line  chosei 
I  should  also  have  established  another  base-line  on  the  westerc 
side,  but  stormy  weather,  and  the  difficulty  of  crossing  at  th  j 
times  set  for  doing  so,  interfered.     As  the  problems  are  worker 
out  it  is  observable  that  the  points  choden  were  all  east  of  th^ 
center  of  the  main  line  of  most  rapid  motion,  and  are  tending, 
with  varying  velocity  toward  the  northeast  corner  of  the  inler 
where  the  powerful  subglacial  stream  emerges  from  below  th^ 
water  level.     Doubtless  on  the  other  side  of  the  center  of  tm 
tion,  and  at  the  same  relative  distance  from  the  front,  the  i< 
would  be  found  tending  toward  the  southwest  corner,  where 
similar  subglacial  stream  emerges.     I  could  but  wish  that 
of  the  points  observed   had  been  farther  back  from  the  fron 
but  must  take  the  facts  as  they  are.     I  supposed  some  of  then 
were  farther  away,  but  as  they  were  projected  on  the  distai 
background  the  true  position  could  not  be  told  until  the  actus^ 
working  out  of  the  problems. 

From   these  observations  it  would  seem    to  follow    that 
stream  of  ice  presenting  a  cross  section  of   about  3,500, OOi^ 
square  feet  (5,000  feet  wide  by  about  700  feet  deep)  is  enierin  ^ 
the  inlet  at  an  average  rate  of  forty  feet  per  day  (seventy  fe< 
in  the  center  and  ten  feet  near  the  margin  of  movement),  mal 
ing  about  140,000,000  of  cubic  feet  per  day  during  the  month 
of  August.     The  preceding  remarks   upon  the  many  indirec?^ 
evidences  of   rapid    motion   render   the   calculation   perfectly 
credible.     What  the  rate  may  be  at  other  times  of  the  year 
there  are  at  present  no  means  of  knowing. 
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^     7.  TTie  Retreat  of  the  Glacier. 

The  indications  that  the  Muir  glacier  is  receding,  and  that 
^ts    volaiae   is   diminishing,    are    indubitable   and  numerous, 
liittle  regard  need  to  be  paid  to  the  record  of  Vancouver  a  hun- 
dred years  ago,  for  he  did  not  attempt  to  enter  the  bay  at  all, 
^Tiding  it  so  full  of  ice  near  its  mouth  as  to  deter  him  from  it ; 
^ence  his  testimony  that  the  opening  was  full  of  ice  is  so  in- 
definite thai  it  has  little   bearing  upon  the  condition  of  the 
Qpper  portions  of  the  bay  at  that  period  of  time.     Nor  need 
dny  reliance  be  placed  on  the  traditions  of  the  Indians  to  the 
effect  that  within  the  memory  of  their  grandfathers  the  ice  ex- 
tended several  miles  farther  down  than  at  the  present  time. 
The  Indians  now  rarely  visit  the  head  of  the  inlet,  and  the 
qaantity  of  ice  floating  on  the  surface  varies  so  much  from  day 
to  day,  and  presumably  from  month  to  month,  "that  great  diver- 
sity of  impressions  might  be  received  at  times  separatecj  by 
ev-en  short  intervals.     The  convincing  evidence  of  the  recent 
retreat  of  the  glaciers  of  this  bay  from  ground  formerly  occu- 
pied by  them  is  of     physical  character. 

The  islands  of  Southern  Alaska  are  ordinarily  covered  with 
forests  of  cedar,  hemlock  and  fir  up  to  the  level  of  perpetual 
anow.     To  this  rule  the  shores  and  islands  of  the  upper  part  of 
G'lacier  Bay  are  a  striking  exception.     Near  the  mouth  of  the 
t>ajy  forests  continue  to  occur   as   in   other   parts,  only  on  a 
diminished  scale;  but  in  the  upper  half  of  the  bay  all  shores 
^nd  islands  are  perfectly  bare  of  forests,  and  the  rocks  retain 
^o  the  most  exposed  situations  fresh  grooves  and  striae  of  glacial 
oH^in.     It  would  be  impossible  for  rocks  so  exposed  in  such  a 
cHrnate,  to  retain  these  for  an  indefinite  length  of  time.     Far 
?p  on  the  mountains,  also,  there  are  remnants  of  glacial  debris 
^^    situations  such  that  the  material  could  not  have  resisted 
^J'osive  agencies  for  any  great  length  of  time.     The  triangular 
?«aped  terminal   moraine  on  the  eastern  side,  just  below  the 
ice-front,  presents   some   interesting    features    bearing  on    the 
^*irie  point.     This  extends  three  miles  below  the  glacier,  and 
^^  its  lower  portions  is  thinly  covered   with  vegetation.     This 
^vering  becomes  less  and  less  abundant  as  the  glacier  is  ap- 
P^ached,  until,  over  the  last  mile,  scarcely  any  plants  at  all 
^n  be  found.     Apparently  this  is  because  there  has  not  been 
^*nie  for  vegetation  to  spread  over  the  upper  portion  of  the 
"loraine  since  the  ice  withdrew,  for  on  the  mountains  close  by, 
^bere  the  exposure  has  been  longer,  there  is  a  complete  mat- 
ting of  grass,  flowering  plants,  and  shrubs.     Again,   in   this 
tnangular  moraine-covered  space,  there  are  five  distinct  trans- 
verse ridges  marking  as  many  stages  in  the  recession  of  the  ice- 
front    (See    fig.    2.)      These    moraines    of    retrocession    run 
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parallel  with  the  icefront  on   that  side,  and  at  about  eqaal 
distances  from  each  other,  each  one   rising  from  the  water's 
edge  to  the  foot  of  the  mountain,  where  they  are  408  feet  above 
tide..   Ap    inspection  of  the  upper  moraine   ridge  shows  the 
manner  of  its  formation.     This  transverse  ridge  is  one-half  mile 
below  the  icefront,  and  is  still  underlaid  in  some  portions  with 
masses  of  ice  thirty  feet  or  more  in  thickness,  which  are  mel^ 
ing  away  on  their  sides  and  allowing  the  debris  covering  them 
to  slide  down  about  their  bai«es.     Kettle-holes  are  in'all  stages 
of  formation  along  this  ridge.     The  sub-glacial  stream  emerging 
from  the  southeast  corner  of  the  glacier   next  the  mountain       | 
rushes  along  just  in  the  rear  of  this  moraine  ridge  and  in  front 
of  a  similar  deposit  in  process  of  formation  on  the  very  edge  ot 
the    ice    where    the    medial    moraines   spoken    of   terminate^ 
Eventually  this  stream  will  break  out  in  the  rear  of  thatd^ — 
posit,  also,  and   leave  another  ridge   similar  to  the  one  noi 
slowly  settling  down  into  position  south  of  it.     This  first  ridg< 
south  of  the  sub-glacial  stream,  with  its  ice  still  melting  in  es 
posed  positions  under  its  covering  of  gravel,  can  not  be  man^ 
years  old. 

Still  another  sign  of  the  recent  date  of  this  whole  morain. 
appears  at  various  places  where  water  courses  coming  down  froi 
the  mountain  are  depositing  superficial  deltas  of  debris  upon  th 
edge  of  the  older  glacial  deposit     These  deltas  are  very  limite^^ 
in  extent,  though   the  annual  deposition  is  by  no  means  in^  " 
significant.     A.t  the  southern   apex  of  the  moraine,  three  mili 
below  the  ice-front,  and  but  one  or  two  hundred  yards  from  oim 
camp,  great  quantities  of  debris  came  tearing  down  in  repeat 
avalanches  during  a  prolonged   season  of   rain.     Twenty-fi^"^ 
years  would  be  ample  time  for  the  formation  of  the  cone  ^:>* 
debris  at  the  foot  of  this  line  of  avalanches.     Thus  there  em^J^ 
be  no  reasonable   doubt  that  during  the  earlier  part  of  th  t»^ 
century  the  ice  tilled  the  inlet  several  miles  farther  down  xhm^^^ 
now.     And   there  can  be  scarcely  less  doubt  that  the  glacis 
filled  the  inlet,  as  recently  as  that."  1,000  or  1,500  feet  above  i 
present  level  near  the  front.     For  the  glacial  debris  and  stri 
are  verv  marke»l  and  fresh  on  both  mountains  flanking  th»  ^ 
upper  part  of  the  inlet  up  to  2,500  feet,  and  the  evidences  of  a '^ 
ice  movement  in  the  direction  of  the  axis  of  the  bay  are  no^- 
wantincr  as  hii^h  as  3,700  feet  on  the  eastern  mountain,  upao 
which  I  found  fresh  striie  running  north  by  south  and  directly 
past  the  summit,  which  rises  1,000  or  1,500  feet  still  higher  just 
to  the  east. 

8.  A  Buried  Forest, 

All  this  is  necessary  to  a  comprehension  of  one  of  the  most 
interesting  of  problems,  presented  by  the  buried  forests  near  the 
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southwest  comer  of  the  glacier.  (See  A,  fig.  2.)  Below 
this  corner,  and  extending  for  aboot  a  mile  and  a  half,  there  is 
a  gravel  deposit,  similar  to  that  on  the  eastern  side,  except  that 
it  is  not  marked  by  transverse  ridges,  but  is  level-topped,  ris- 
ing gradually  from  aboot  100  feet  at  its  southern  termination 
to  a  little  over  300  feet  where  it  extends  north  and  west  of  the 
icefront  (See  fig.  2.)  The  sub-glacial  stream  entering  the 
inlet  just  below  the  southwest  corner  of  the  ice  emerges  from 
the  ice  about  a  mile  farther  up,  on  the  north  side  of  the  project- 
ing shoulder  of  the  western  mountain  which  forms  that  side  of 
the  gateway  through  which  the  ice  enters  the  inlet.  This  stream 
comes  principally  from  the  decaying  western  branch  of  the 
glacier  before  alluded  to,  and,  after  winding  around  the  pro- 
jecting shoulder  of  the  mountain  (this  shoulder  is  315  feet 
A.T.),  has  worn  a  channel  through  the  gravel  deposit  lying  be- 
tween the  lower  mile  of  the  glacier  and  the  mountain  a  short 
distance  to  the  southwest.  About  half-way  down,  a  small 
brook,  coming  from  between  this  latter  mountain  and  that 
whose  shoulder  forms  the  western  part  of  the  gateway  just 
north  of  it,  joins  the  main  stream  issuing  from  the  glacier  on  this 
sida  Where  these  streams  unite  at  A  they  are  now  uncover- 
ing a  forest  of  cedar  trees  in  perfect  preservation,  standing 
upright  in  the  soil  in  which  they  grew,  with  the  humus  still 
about  their  roots.  An  abundance  of  their  cones,  still  preserv- 
ing their  shape,  lies  about  their  roots;  and  the  texture  of  the 
wood  is  still  unimpaired.  One  of  these  upright  trunks  measured 
ten  feet  in  circumference  about  fifteen  feet  above  the  roots. 
Some  of  the  smaller  upright  trees  have  their  branches  and 
twigs  still  intact,  preserving  the  normal  conical  appearance  of 
a  recently  dead  cedar  tree.  These  trees  are  in  various  stages 
of  exposure.  Some  of  them  are  uncovered  to  the  roots,  some 
are  washed  wholly  out  of  the  soil,  while  others  are  still  buried 
and  standing  upright,  in  horizontal  layers  of  fine  sand  and 
gravel,  some  with  tops  projecting  from  a  depth  of  twenty  or 
^birty  feet,  others  being  doubtless  entirely  covered.  The  roots 
of  these  trees  are  in  a  compact,  stiff  clay  stratum,  blue  in  color, 
without  grit,  intersected  by  numerous  rootlets  as  long  as  a 
knitting  needle,  which  is,  in  places,  twenty  feet  thick.  There  is 
also,  occasion  all  V  in  this  substratum  of  clay  a  small  fragment  of 
wood,  as  well  as  some  smooth  pebbles  from  an  inch  to  two  feet 
in  diameter.  The  surface  of  this  substratum  is  at  this  point  85 
feet  above  the  inlet.  The  deposit  of  sand  and  gravel  covering 
the  forest  rises  115  feet  higher  and  is  level-topped  at  that 
height,  but  rising  toward  the  north  till  it  reaches  the  shoulder 
of  the  mountain  at  an  elevation  of  300  feet.  The  trees  are 
esseniially  like  those  now  growing  on  the  Alaskan  mountains. 
Many  of  them    have  been  violently  broken  ofl'  from    ^vq  to 
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twenty  feet  above  their  roots.  This  has  been  done  by  aome 
force  that  has  battered  them  from  the  upper  side  at  the  point  of 
fracture.  Evidently  cakes  of  ice  brought  down  by  the  streams 
indicated  in  the  map,  when  flowing  at  various  higher  levels 
than  now,  have  accomplished  this  result.  For  the  tranks  in 
the  main  stream  were  battered  on  the  north  side,  while  those  in 
the  gully  worn  by  the  lateral  stream  were  battered  from  the 
west  sida 

From  this  description  the  explanation  of  this  buried  forest 
would  seem  to  be  evident  enough.     At  some  period,  when  the 
ice  occupied  only  the  upper  part  of  the  valley  to  the  north  of 
this  point,  forests  grew  over  all  the  space  lying  southwest  of  the 
present  ice- front.     As  the  ice  advanced  to  near  its  present  posi- 
tion, the  streams  carrying  98  the  surplus  water  from  the  western 
half  of  the  advancing  glacier  were,  suddenly  turned  into  the 
protected  space  occupied  by  this  forest,  where  they  deposited 
their  loads  of  saild  and  gravel.     A  cause  very  likely  combining 
to  facilitate  deposition  in  this  spot  hius  not  yet  been  spoken  of, 
but  is  evident  when  on   the  ground,  and  from  a  glance  at  the 
map.     A  transverse  valley   passes  just  below  this  point  from 
Muir  inlet  to  the  western  inlet  into  which  Glacier  Bay  divides. 
This  transverse  valley  is  at  present   occupied  by  a  decaying-^ 
glacier  opening  into    both   inlets,  and    sending   a  sub-glacial — 
stream,  through  a  long,  narrow  series  of  moraines,  into  Muir— 
inlet  about  two  miles  to  the  south.     Now,  when  a  general  ad — 
vance  of  the  ice  was  in  progress,  this  transverse  stream  probablj? — 
pushed  itself  down  into  the  inlet  across  the  path  of  the  ice  mov — 
ing  from  the  north,  and  so  formed  an  obstruction  to  the  watei — 
running  from   the  southwest  corner  of  the  main  glacier,  thu^ 
favoring  the  rapid  deposition  which  so  evidently  took  place — 
When  this  enclosed  place  was  filled  up,  and  the  advancing  i 
had  risen  above  and  surmounted  the  projecting  shoulder  01  th 
mountain  just  to  the  north,  that  rocky  barrier  protected  a  por- 
tion of  the  forest  from  the  force  of  the  ice  movement,  causing 
the  ice  to  move  some  distance  over  the  top  of  the  superincum- 
bent gravel    before  exerting   its  full  downward   force.     Thu» 
sealed  up  on  the  lee  side  of  this  protecting  ridge  of  rock,  there 
would  seem  to  be  no  limit  to  the  xcngth  of  time  the  forest  might 
be  preserved.     I  see  no  reason  why  this  forest  may  not  have 
antedated  the  Glacial  period  itself. 

The  existence  of  other  forests  similarly  preserved  in  that 
vicinity  is  amply  witnessed  10  by  many  facts.  One  upon  the 
island  near  the  west  shore,  four  miles  south,  is  now  exposed  in 
a  similarly  protected  position.  Furthermore,  the  moraine, 
already  described  on  the  east  side  of  the  inlet,  contains  much 
wood  ground  up  into  slivers  and  fragments.  Indeed,  our  whole 
dependence  during  the  month  for  fuel  was  upon  such  fragments 
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lying  exposed  in  the  moraine.  Occasional  chunks  of  peat  or 
compact  masses  of  sphagnum  formed  a  part  of  the  debris  of  this 
moraiDe.  These  also  occurred  on  some  of  the  medial  moraines 
OD  the  eastern  side.  I  did  not  go  up  them  far  enough  to  learn 
directly  their  origin.  But,  as  no  forests  were  visible  anywhere 
in  that  direction,  it  is  presumable  that  they  had  been  recently 
excavated  from  preglacial  forests  similar  in  situation  to  that 
now  exposed  on  the  west  below  the  ice-front. 

The  capacity  of  the  ice  to  move,  without  disturbing  them, 
over  such  gravel  deposits  as  covered  the  forests,  is  seen  in  the 
present  condition  of  the  southwestern  corner  of  the  glacier 
Itself.  As  the  ice-front  has  retreated  along  that  shore,  large 
maasea  of  ice  are  still  to  be  seen  lapping  over  upon  the  gravel. 
These  are  portions  of  the  glacier  still  sustained  in  place  by  the 
Tinderlying  gravel  while  the  water  of  the  inlet  has  carried  the 
ice  from  the  perpendicular  bank  clear  away.  This  phenome- 
non, and  that  of  the  general  perpendicular  front  presented 
by  the  ice  at  the  water's  edge,  accords  with  the  well  known 
fact  that  the  surface  of  the  ice  moves  faster  than  the  lower  por- 
tions. Otherwise  the  ice  columns  at  the  front  would  not  fall 
over  into  the  water  as  they  do. 

9.  Karnes  and  ICettle- holes. 

The  formation  of  kames,  and   of  the  knobs  and  kettle-holes 
characteristic  both  of  kames  and  of  terminal  moraines,  is  illus- 
trated in  various  places   about  the  mouth  of  Muir  glacier,  but 
especially  near  the  southwest  corner  just  above  the  shoulder  of 
the  mountain  where  the  last  lateral   branch  comes  in  from  the 
west.    This  branch  is  retreating,  and    has  already  begun   to 
separate  from  the  main  glacier  at  its  lower  side,  where  the  sub 
glacial  stream  passing  the  buried  forest  emerges.     Here  a  vast 
amount  of  water-worn  debris  covers  the  ice.  extending  up  the 
glacier  in  the  line  of  motion  for  a  long  distance.     It  is  evident 
from  the  situation  that,  when  the  ice-stream  was  a  little  fuller 
than  now,  and  the   sub-glacial   stream    emerged   considerably 
farther  down,  a  great  mass  of  debris  was  spread  out  on  the  ice  at 
an  elevation  considerably  above  the  bottom.     Now  that  the 
front  is  retreating,  this  sub-glacial  stream  occupies  a  long  tun- 
nel, twenty-five  or  thirty  feet  high,  in  a  stratum  of  ice  that  is 
overlaid  to  a  depth  in  some  places  of  fifteen  or  twenty  feet  with 
water-worn  glacial  debris.     In  numerous  places  the  roof  of  this 
tannel  has  broken  in,  and  the  tunnel  itself  is  deserted  for  some 
distance  by  the  stream,  so  that  the  debris  is  caving  down  into 
the  bed  of  the  tunnel  as  the  edges  of  ice  melt  away,  thus  form- 
ing a  tortuous  ridge,  with  projecting  knolls  where  the  funnels 
into  the   tunnel  are    oldest  and   lar^ijest.     At  the   same   time, 
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the  iceoD  the  sides  at  some  distance  from  the  tunnel,  where  tb 
superficial  debris  was  thinner,  has  melted  down  much  below  th 
level  of  that  which  was  protected  by  the  thicker  deposit ;  ao( 
so  the  debris  is  sliding  down  the  sides  as  well  as  into  the  tuDne 
through  the  centre.  Thus  three  ridges  approximately  paralle 
are  simultaneously  forming.  When  the  ice  has  fully  melted 
away,  this  debris  will  present  all  the  complications  of  interlac 
ing  ridges,  with  numerous  kettle-holes  and  knobs  characterizing 
the  kames ;  and  these  will  be  approximately  parallel  with  thi 
line  of  glacial  motion.  The  same  condition  of  things  exists 
about  the  head  of  the  sub-glacial  stream  on  the  east  side,  alsi 
near  the  junction  of  the  first  branch  glacier  on  the  east  with  tb* 
main  stream,  as  also  about  the  mouth  of  the  independent  glacie 
shown  on  the  map  lower  down  on  the  west  side  of  the  inlet 
(See  fig.  2.)  The  formation  of  kettle-holes  in  the  termina 
ridges  has  already  been  referred  to.     (See  p.  12.) 

10.  Transportation  and  waste  by  Water, 

Considerable  earthy  material  is  carried  out  from  the  front  l> 
the  bergs.  Pebbles  and  dirt  were  frequently  seen  frozen  int 
them  as  they  were  floating  long  distances  away.  Just  he 
many  of  the  bergs  were  formed  from  ice  that  originally  reste 
on  the  bottom  of  the  inlet  I  have  no  means  of  telling.  Ths 
some  were  so  formed  seems  exceedingly  probable,  if  for  n 
other  reasons  because  of  the  great  amount  of  debris  that  w« 
sometimes  seen  frozen  into  them.  It  is  by  no  means  certai 
that  the  subglacial  streams  boiling  up  near  the  upper  cornel 
of  the  inlet  were  beneath  the  lowest  stratum  of  ice.  Sonc 
small  streams  were  seen  pouring  out  from  the  face  of  the  i< 
half  way  up  from  the  water.  It  seems  likely  that  a  gres 
amount  of  sediment  becomes  incorporated  in  cavities  in  tl 
center  of  the  glacier  through  the  action  of  these  subglaci 
streams;  and  so  is  ready  for  transportation  when  the  mass* 
break  loose. 

There  were  two  pretty  distinct  lines  of  motion  in  the  curren 
of  the  inlet,  corresponding  to  those  originating  in  the  subglacij 
streams,  so  that  ordinarily  the  ice-floes  arranged  themselves  i 
the  inlet  along  definite  lines.  But  the  tides  were  so  high  t 
sometimes  to  cause  much  irregularity.  Frequently  large  ice 
bergs  would  be  seen  moving  up  the  lines  of  current  or  diagona 
to  them.  The  upper  part  of  the  inlet  was  filled  with  the  muddj 
water  coming  from  the  subglacial  streams.  The  line  separa 
ting  this  muddy  water  from  the  clear  water  of  the  bay  wai 
driven  now  one  way  and  now  another,  according  to  the  influ 
ence  of  the  tide.  The  steamer  s  screw  brought  up  much  mudd; 
water  from  below  the  surface  some  distance  down  the  bay,  an< 
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^We  the  surface  was  clear.  The  sediment  forming  over  the 
bottom  of  the  bay  must  resemble  the  loess  of  the  Missouri  and 
Mississippi  valleys. 

1 1.   Other  Glaciers  reaching  the  Bay. 

Besides  the  Muir  glacier  there  are  four  others  of  large  size 
entering  the  longer  inlet  to  the  west,  (see  fig.  1.^     These  have 
their  origin  on  the  flanks  of  Mounts  Crillon  ana  Fairweather. 
They  have  never  been  studied,  but  are  apparently  as  accessible 
w  the  Muir.     Professor  Muir  and  Sev.  Mr.  Young  are  the  only 
well-informed  persons  who  have  visited  them,  and  their  stay 
was  brief.     I  went  about  half  way  up  the  inlet,  on  its  east  side, 
and    took  some  photographs  from  points  where  the  whole  out- 
lines could  be  seen.     I  also  saw  them  from  the  mountains  on 
the    east  side.     The  general  appearance  does  not  differ  materi- 
all^r    from  tha*;  of   the  Muir  glacier.     To  complete  the   study 
one     needs  a  small  steam  launch,  and    more  ample  time  and 
preparation  than  we  could  command. 

Tte  moisture  of  the  climate  is  a  serious  drawback  to  investi- 
gations in  all  that  region,  though  this  is  very  favorable  to  the 
growth  of  glaciers.     The  annual  precipitation  over  southeastern 
Alaska   averages   from    eighty  to  one   hundred   inches.     The 
average  number  of  days  per  annum  on  which  rain  or  snow  has 
fallen  at  Sitka  during  the  last  fifly  years  is  198,  while  some 
years  it  has  been  as  high  as  2(54.     Fifteen  of  tbe  twenty-nine 
days  we  were  in  Glacier  Bay  (from  Aug.  4  to  Sept.  2)  were  so 
rainy  as  to  render   observation   impossible.     The   other  days 
vere  however,  clear  and  beautiful  beyond  description.     The 
absence  of  forests  also  renders  it  easy  to  climb  the  mountains 
and  observe  from  them.     It  is  to  be  hoped  that  other  expedi- 
tions better  fitted  than  ours,  and  preparea  to  spend  a  longer  time, 
^ill  soon    make  a  more   complete   study  of  this   now  easily 
accessible  and  most  fruitful  field  for  glacial  investigation. 

12.   Temperature. 

I  append  the  record  of  the  thermometer  from  Aug.  20  to 
^^^'  31,  giving  ihe  mean  of  three  readings  each  day  taken  at  8 
^  M.,  2  P.  M.,  and  8  P.  M.  The  temperature  of  the  water  in 
the  upper  part  of  the  inlet  was  uniformly  40°  F. 

Aug.  20 49-4°  F.         Aug.  26 ....51-9°  F. 

Aug.  21. 48-9°  F.         Aug.  27 46*1°  F. 

Aug.  22 46-1°  F.  Aug.  28 50-5°  F. 

Aug.  23 44-6°  F.         Aug.  29 45°     F. 

4ag.  24 49-8°  F.         Aug.  30 54-8°  F. 

kxkg.  25.    52-7''  F.         Aug.  31  _ 50*5^  F. 
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13.  Flora. 

The  following  is  the  list  of  plants,  as  identified  by  Professor 

Asa  Gray,  found  in  bloom  about  Muir  inlet  during  the  month 
of  August.  Where  the  altitude  is  not  given  they  were  found 
near  the  tide. 

Arabis  ambigua,  Brong Aug.  26     1600  A.  T. 

Arenaria  peploides,  L - '28 

Astragalus  alpinus,  L _ 7 

Hedysarum  boreale,  Nutt 28 

Sanguisorba  Canadensis 6 

Lutkea  sibbaldioides,  Brong.  . .  _ 27 

Saxifraga  Ly alii,  Engl. 26     1000  A.  T. 

stellaris,  L 27     3000  A.  T. 

Parnassia  fimbriata,  Small 27     3000  A.  T. 

palustris,  L 6 

Epilobium  latifolium,  L 0     1600  A.  T. 

origanifolium,  Lam.  (?)    . .  28 

Solidago  multiradiata,  Ait 27 

Erigeron  salsuginosus,  Gray,  arctic  form  27     3000  A.  T. 

Antennaria  margarilacea,  arctic  form 27 

Achillea  millefolium,  L.,  arctic  var 27 

Arnica  obtusifolia,  Les 27     1 200  A.  T. 

Campanula  roiundifolia,  L.,  var.  Alaskana  28 

Gentiana  platypetala  (?) _ 27 

"       Menziesii  (?) 27 

Mertensia  maritima 7 

Castilleja  parviflora,  Hrong 28 

Salix  vestita,  Pursh 6 

Habenaria  hyperborea,  R.  Br 27     2650  A.  T. 

Luzula  parviflora,  Meyer 

Poa  alpuja,  var.  vivipara 26     1 500  A.  T. 

Poa  alpina,  L 26     1600  AT. 

Poa  laxa,  Haenke _ _  26     loOOA.T. 

Phleum  alpinum,  L. 26     1600  A.  T. 

Elymus  mollis 6 

Hordeum,  sp.  (?) 6 


Art.    II. — On   the   Age  of  the   Coal  found  in   the  region    frav- 
ersedby  the  Bio  Orande ;  by  C.  A.  White. 


During  the  past  few  years  many  discoveries  of  cotd  have 
been  made  within  the  region  which  is  traversed  by  the  lower 
portion  of  the  Rio  Grande,  besides  those  which  were  made  by 
the  members  of  the  United  Stales  and  Mexican  Boundary  Com- 
mission and  other  early  government  expeditions.  In  Texas, 
coal  has  been  found  in  Webb,  Maverick,  Presidio  and  El  Paso 
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counties;  and  in  Mexico,  in  the  States  of  Nuevo  Leon  and 
Coahuila.  By  certain  local  geologists  and  mining  experts, 
whose  reports  have  fallen  under  my  observation,  a  part  of  these 
coals  have  been  referred  to  Carboniferous  age,  and  others  to 
Triassic*  age.  From  personal  examination  in  the  field,  extend- 
ing over  a  large  part  of  the  region  in  question,  and  an  exam 
ination  of  fossils  which  have  been  collected  by  diflFerent 
personsf  from  strata  associated  with  the  coals,  I  am  satisfied, 
however,  that  none  of  them  are  of  earlier  than  late  Cretaceous 
age. 

In  some  cases  the  coal  of  this  region  is  worthless  for  practical 
use,  but  in  others  it  is  of  good  quality;  all  of  it  having  the 
o^eneral  characteristics  of  the  coals  which  are  obtained  from  the 
Laramie  and  Fox  Hills  formations  in  Colorado,  Utah  and 
Wyoming.  From  the  data  and  observations  just  mentioned  I 
do  not  hesitate  to  refer  all  the  known  coal  of  the  region  under 
consideration  to  one  or  the  other,  6x  both,  of  those  formations. 
In  the  region  of  the  Lower  Rio  Grande  these  two  formations 
appear  to  be  as  intimately  associated  with  each  other  as  they 
are  to  the  northward.  Their  strata  are  so  similar  in  general 
character  that  it  is  usually  difficult  to  define  a  plane  of  demark- 
ation  between  them,  and  in  the  absence  of  paleontological 
evidence  it  is  often  difficult  or  impracticable  to  distinguish  the 
one  from  the  other. 

I  have  at  present  no  evidence  of  the  presence  of  the  Laramie 
formation   in  Webb  and   Maverick  counties,  Texas,  the  coal 
which  has  hitherto  been  found   there  belonging  to  the  equiva- 
lent of  the  Fox  Hills  Group  of  the  Cretaceous  period.     The 
mines  at  Santa  Tomas,  some  forty   miles  above  Laredo,  and 
those  seven  miles  above  Eagle  Pass,  are  the  principal  ones  on 
the  Texas  side  of  the  river.     The  equivalent  of  the  latter  coal 
is  also  found  on   the  Mexican  side,  a  few  miles   from  Piedras 
Negras,  opposite  Eagle  Pass. 

From  data  furnished  by  Mr.  Gardiner,  I  also  learn  that  both 
the  Laramie :]:  and  Fox  Hills  formations  exist  on  the  Mexican 
side  of  the  Kio  Grande,  in  the  northern  part  of  the  State  of 
Nuevo  Leon  and  the  adjacent  eastern  portion  of  the  State  of 
Coahuila,  and  that  both  formations  are  coal-bearing  there. 

On  the  occasion  of  a  late  journey  in  Coahuila,  I  found  both 
these  formations  to  be  well  developed  in  the  region  which  is 

*In  an  otherwise  important  article  by  W.  H.  Adams,  M.E. ;  in  the  Trans. 
Inst.  Mining  Engineers,  vol.  x,  pp.  270-273,  entitled  Coals  in  Mexico,  Santa  Rosa 
I^stricthe  refers  the  coal-bearing  rocks  there  to  Triassic  a^o;  and  those  at  Eagle 
Pass  U)  the  Permian,  both  of  which  references  are  erroneous. 

f  The  collections  referred  to  were  made  by  Mr.  James  T.  Gardiner,  of  New 
York,  Mr.  W.  F.  Cummins,  of  Dallas,  Texas,  and  Mr.  R.  T.  Hill,  of  the  U.  S. 
Geological  Survey. 

J  See  this  Journal,  III,  vol.  xxv,  pp.  207  et  seq. 
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traversed  by  tbe  Rio  Sabinas,  a  tributary  of  tbe  Rio  Grande. 
I  traced  the  Laramie  strata  along  the  north  side  of  the  Sabinas 
valley  for  a  distance  of  nearly  forty  miles,  beginning  a  few 
miles  above  Sabinas  station  of  the  Mexican  and  International 
Railroad,  and  going  down  the  valley  to  the  southeastward.  At 
the  h»mlet  of  San  Felipe,  about  fifteen  miles  below  Sabinas 
station,  some  important  mines  have  been  opened  in  the  Laramie 
Group  on  both  sides  of  Rio  Sabinas;  and  the  presence  of  coal 
in  the  same  formation  has  been  proved  at  several  other  locali  - 
ties  in  the  same  district. 

On  the  south  side  of  the  river,  some  twenty  miles  southwest 
ward  from  Sabinas  station,  and  westward  from  the  railroa( 
exposures  of  coal  were  observed  in  strata  equivalent  with  tt^.  < 
Fox  Hills  Group,  but  no  important  mines  have  yet  be^  i 
openel  there. 

Little  is  yet  known  of  the  character  of  the  coal  deposits  %.  i 
the  southern  part  of  Presidio  and  El  Paso  counties,  Texas,  i — ^ 
spectively;  but  the   coal   which    is  found  at  White   Oaks     ^ 
Southeastern   New  Mexico,  some  75  miles  northeastward  frc^  "■:: 
El   Paso,  is  reported  to  be  of  good  quality.     Coal  of  eitl>   ^ 
Laramie  or  Fox  Hills  age,  or  both,  is  also  well    known  to  exi  ^ 
at  many  localities   in  New  Mexico  and  Colorado,  along  tt^ 
eastern  base  of  the  mountains.     It  will  thus  be  seen  that  th^  ^ 
is  a  belt  of  these  two  coal-bearing  formations  extending  near^  1 
or  quite  continuously  from  the  valley  of  the  South  Platte      "■ 
Colorado  to  tbe  State  of  Nuevo  Leon  in  Mexico. 

It  is  not  necessary  to  inform  the  practical  geologist  that  tl 
series  of  strata  is  entirely  distinct  from  the  coal-bearing  rocks 
Carboniferous  atje  which  extend  southward  through  the  Indi 
Territory  into  Northern  Texas,  and  also  distinct  from  U 
Tertiary  lignite  beds  which  range  through  eastern  Texas  a 
portions  of  other  Gulf  States. 


Art.  IIL — The  Viscosity  of  Steel  and  its  Relations  to    Tem'p^'^ 

by  C.  Barus  and  V.  Strouhal. 

[Continued  from  vol.  xxxii,  page  466.] 

MiscellaneoiLS  experiments, — 1.  In  tables  27  and   28  we  ci^^ 
the  results  obtained  when  one  of  the  sieel  rods  is  replaced  by 
fiber  of  glass.     The  mean   thickness  or  the  diameter  2pg 
glass  was  intended  to  be  that  of  the  steel  rod  2/>. ;  but  it  isi 
smaller  in  table  27  and  considerably  larger  in  table  28.     It  i 
impossible  to  store  a  greater  total  torsion  than  ^,— (— ^,)=90 
in  the  given  system   without  breaking  the  glass  fiber.     The 
equality  of  (p^  and  ^,  is  assumed  merely  for  convenience  in  des- 
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ignation  (cf.  p.  30).     In  table  28,  moreover,  the  glass-hard  rod 
used  during  the  first  half  of  the  experiment  is  replaced  by  an 
annealed  rod  in  the  second  half,  leaving  the  glass  fibre  unal- 
tered.   The  suspension  here  is  practically  unifilar,  since  it  is 
nearly  impossible  mechanically  to  clutch  the  glass  fiber  without 
biieaking  it. 


Table  27. —  Apparatus  I. 

-fi!^215«°»;  X=27«";  /<0-2'='».      Rods:    No.  35,  glass-hard  steel,  Vi 
-Vo.  «,   glass  fiber,  V«=— 45';  p,=0-082'^"';  Py=0-070<^'". 


=  +  45' 


r>ate. 


29/6, 


^^  20" 

3  42 

4  20 

5  30 

6  51 


30/6,         %^  60" 
X2  23 
1  67 
5  22 


1/7, 


2/7, 


8»'37" 
2  12 

4  36 

5  37 

6  57 
Sh  19m 

1  45 
5  09 


^xl0» 


(*) 
-0129 

-O-lOl 

—0052 

—0031 


+  0-351 
0*413 
0-440 
0-486 


0  652 

0-706 
0-732 
0-741 
0  753 


0-854 
0-879 
C-899 


0  00 
0-37 
100 
2-17 
2-5^ 

17-50 
2105 
22-62 
2603 

41-28 
46-87 
49-27 
50-28 
51-62 


^ox  10» 


65-98 
70-42 
73-82 


(♦) 
-0028 

±0-000 

+  0-049 

0-070' 

0-452| 
0-514 
0-541 1 
0-587 


0753 
0-807 
0-833 
0-842 
0-854' 


0955 
0-980 
1000; 


Date. 

3/7,     S^ 
12 
6 


17'» 

12 

27 


4/7,    9^ 
12 
3 
5 


45"» 
09 
06 
69 


5/7,    9'' 
12 
4 

6/7",    S^ 
1 
5 


7/7,    8^^ 
1 


39'" 

00 

43 

40"' 

52 

15 

49"' 
27 


0xlO« 


.  I  _ . 


09741 

0-991 

1-0261 

1098i 
11091 
1-116; 
1-145 

T-2 13; 

1-228 
1-257 

1-318' 
1-330 
1-355 

l-420' 
1-443 


88-95 
92-87 
99  12 

114^42 
116-82 
119-77 
122-65 

138-32 
140-67 
145-38 

161-33' 
U)6-53i 
169-92 

185-48 
19012 


^oX  10» 


1-075 
1092 
1-127 

1-199 
1-210 
1-217 
1-246 


1-314 
1-329 
1-358 


1-419 
1-440 
1-456 

1  521 
1-444 


Table  28. — Apparatus  I 
=^223™;  Z=23''".     Rods:  No.  36,  glass-hard  steel,  i/;,s=:  +  45°;  No.  6,  glass 


fiber,     Va=-46".    2p,^ 0-082''"';  0085""<2/3^<0120«^"'. 


__    _ 

™ 

Date 

• 

— 

7/7.        4h 

15"' 

4 

26 

4 

38 

5 

15 

H/"*'       "9»>T4"^ 

12 

41 

4 

07 

5 

47 

^X  108 


(*) 

000 

2-995 

018 

2934 

0-38 

2-865 

1  00 

2-823 

16-98 

2841 

20-43 

2-858 

23-87 

2-863 

25-53 

2-912 

40-30 

2-928 

43-92 

2-940 

4902 

2-983 

63  82 

2-996 

67-88 

3010 

73-05 

3053 

88-87 

3-058 

91-13 

3-077 

9710 

^oX  103 
(*) 

—0  130; 

-0-069 

±0000 

~+ 0-042 
0-024 
0-007 
0-002 

":ro-F47 

-0-003 
-0075* 

~— 0-1 18 
-0-131 
-0-145 

-0-188 
-0-193 
-0-212 


Date. 


12/7,     7»>35"' 


^xlO» 


3-100 


ho       1^0X108 


111-33    —0-235 


Glas.s-hard 

rod  replaced  by  i 

soft  steel 

rod,  viz:     No 

.  42,  annealed,   - 

450",    1»', 

V;,=  +  45^  2^)= 

=0-082'^"'. 

12/7,     9»'39"' 

I*) 

0-00 

(*) 

9   49 

1-358 

0-17 

0-023 

10   54 

1-331 

1-25 

+  0-004 

5    25 

1-303 
1-278 

7  77 
22-78 

0032 

13/7,     8'' 2G'" 

0-057 

12    27 

1-270 

26-80 

0065 

5      6 

1-270 

31-45 

47-18 

00G5 

14/7,     8^'  50"' 

1-258 

0-077 

12    48 

1-258 

51-15 

0-077 

4   40 

1-255 

55  02 

0080 

15   7,  10'' 45'" 

1-245 

73  10 

0090 

4    25 

1-245 

78-77 

0-090 

♦Total  twist  V'.-(-  V'a)=1«0',  twist  of  steel  i//.,  positive, 
t  Total  twist  -- V'.  +  (-V'/,)=180°7  twist  of  steel,  positive. 
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2.  Tables  29,  29A,  SO,  contain  a  part  of  our  results  in  which 
one  steel  wire  is  replaced  by  a  wire  of  wrought  iron,  annealed 
or  drawn  as  specified.  That  the  amounts  of  torsion  are  equal 
in  angle  {(p)  is  again  assumed  for  convenience  of  designation 
only.  />,  is  the  radius  of  steel,  />,  of  the  iron  wire.  The  applied 
couple  twists  soft  iron  beyond  the  limits  of  elasticity  and  the 
amount  of  instantaneous  detorsion  is  here  probably  as  large  as 
i(^,+^,).  In  case  of  steel  instantaneous  detorsion  is  nearly 
zero. 

Table  29. — Appabatus  I. 

/?=223'='";  2^26"";  /<0-2«''".  Rods:  No.  37,  steel,  annealed,  450%  1»«, 
^=4-180^;  No.  c,  wrought  iron,  drawn,  V«=— 180°.    2p,=0082'*™;  2p,==0-083«»«. 


Date. 


0x108 


17/7,    4»'20"' 


4 

4 
4 
5 
6 


23 
27 
5] 
20 
01 


1  955 
2032 
2113 
2-285 
2-342 
2-362i 


0oXlO» 


0-201 

0  25 

0-32 

0-72 

1-20 

1-88 


-0-387 
-0-310 
-0-229 
—0-067 
±0000 
+  0-020 


Date. 


18/7,    8»'27"> 
2   24 

19/7,    9»'37'" 
12   19 
5    10 


20/7, 


8'»  29"* 
3   45 


0+lO» 

2-177 
2122 

2032: 

2-025 

_  2-014 

~~  1.-984: 
l-977i 


16-32 
22-27 


41-48 
44-18 
49-03 


64-35 
71-62 


^oxlO* 


—0165 
-0-220 

-~b-310 
—0-317 
-0-328 


-0  358 
—0*364 


♦  Adjusted  r—h—f. 

Table  30.— Apparatus  II. 

/?=200«'n      Z=27«="»;    /<0-2<^"'.      Rods:    No.   38,    steel,   annealed   450**,    l^ 
y>=-l-180°:  No.  d,  wrought  iron,  soft,  V=  — 180".    2/),=  0  082*^'"  ;  2p,-=0-l  12*'". 


Date. 

0x108 

^0 

16/7,    9M0'" 
9  48  ' 
11    14 

1   48 

(•) 
0-714 

0-745 

0-758 

0  00 
0-13 
1-57 
413 

5  47 


17/7,    8M7 


m 


0-750J 
0"731 


8-23 


23  12 


00  X  10* 

(♦) 
-0  026 

+  0005 

0018 

0;;01^  ' 

"•^"009 


Date. 

18/7,  S'^SS"'! 
2   35 


19/7, 


9*'  3b'" 
12   20 
5   10 


0xlO«        Ao     '0«xlO» 


01 46 
0-151 


1512 
21  15 


(0153) 
(0148) 


Thick  iron  wire  replaced  by  thin 
wire.  Rod  No.  9,  wrought  iron,  soft; 
^=  —  180";  2p=0083^ 


20/7, 


gh  28"> 
3   44 


0128  (40-20) 
01 19  (42  90) 
0110  (47-73) 

0^82  ("63~63") 
0064  (70-32) 


irni 


17/7,    5»'26'" 


5  30 


5 
6 


36 
00 


0-755 
0-745 
0736 
0-718 


♦0-00    —0-019 


007 
0-17 
057 


—0-009 
±0000 
+  0-018 


(0171; 
(0-180) 
(0-189) 

(0-217) 
(0  235) 


♦  Accident,  new  adjustment,  data  otiierwise  good,  but  distinguished  by  paren- 
theses 


660-0       iQZ.tOl 
H60.0       ;5000T 

860-0      r.oec 


9fc'?;.i 

\S.7}'  I  til 


-po^Bnfpy 


3>    1  I 

91  uC  J./9T,  912-0-     gi.fifi 

vfivttfwut*      C»a  vrt*4v Altai:       on  v> 


equality  of  ip^  and  ^,  is  assumed  merely  for  convenience  in  des- 
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3.  Tables  31  and  32  contain  our  results  with  the  tubular 
smparatus.  />,  is  the  inner  radius,  />,  the  outer  radius  of  the  tube. 
Q  and  q  denote  the  right  sections  of  brass  tube  and  steel  wire 
respectively.  Of  course  sections  of  metallic  surface  are  meant 
The  inclosed  wire  is  twisted  alternately  in  opposite  directions 
as  is  indicated  by  the  sign  of  ^.  The  result  is  similarly  indi- 
cated by  the  sign  of  f.  Subscripts  5  and  b  refer  to  steel  and 
brass  respectively.  Table  31  contains  results  for  a  thick  tube, 
table  32  tor  a  thin  tube.  Hard  or  soft  rods  are  inserted,  as 
indicated. 

Table  34  is  mentioned  below. 

Tablk  31. — Apparatus  (tubular)  II. 

9/1- A'!  Qftcm 

/?=260*'°';  Z=22'^"'.     Rode:  No.  c,  brass,  203 =0-320""*     ^^'  ^^'  ®*®®^'  ^^®®*" 
hard,  2p=0-127««";    ^=0  053«''"* ;  ^=0  0127'^"'*;    ^/g<4-5. 


Date. 


7/7,    9^  02^' 
12    15 
5    18 


S/7, 

9/7, 
V/7, 


9I1  19m 

12  48 
5  50 
8**  30*" 


8»'50"' 
12    12 
5    20 


10/7,     8^  09" 
12    09 
5    18 


n/7, 


9*»  20"* 
n    35 
4    15 


11/7,     4''  15 

4  45 

5  23 
7'    00 


m 


1  **  '7 


7b  39m 
5    29 


1.3/7,     S^  SO-" 


^xlO» 


0308 
0-390 
0420 


0-460 
0-465 
0-476 
0-500 


0-456 
0-337 
0-283 


0-222 
0-208 
0-191 

0T6O 
0151 
0-142 


0540 
0-575 
0597 
0-630 


0-718 
0-743 


0-779 


^oxl08 


•O-OO,    +0002 


3-22 
8-27 


—  0-080 
-0-110 


24-281 
27-77; 
32-80' 
47-47 


fO-00 
3.37 
8-50 


23-3-2 

27-32 

J2^ 

l8^ 
60-75 
55-42 


-0-150 
-0-155 
—0166 
-0-190 


—0056 
+  0-063 
+  0-117 


+  0-178 
+  0192 
+  0  209 


♦0-00 
0-50 
113 
2-75 


15  40 
25-23 

'40~25 


+  0-240 
+  0-249 
+  0-258 


+  0-00U 
+  0025 
+  0-003 
—  0  030 


-0-118 
—  0143 


-0-179 


Glass-bard  rod  replaced  by  a  soft  steel 
rod,  viz:  No.^40,  annealed,  450°,  1'', 
2p=0-127 


rem 


13/7,  10»'04 
12    30 
05 


m 


5 


14/7,    8»'65« 


0-876 
0886 
9-890 


•o-oo 

2-43 
7  02 


+  0-004 
-0004 
-0-010 


0-894 


22-86    -0-014 


Date. 

^xlO» 

0-248 
0-248 
0-248 
0-250 

0-250 

^0 

1 

14/7,  8"'  57">» 
10  27 
12  45 
4  45 

♦0-00 
1-50 
3-80 
7-80 

15/7,  10»'  46"' 

26-82 

16/7,  IOM6" 
12  35 
4  27 

0-310 
0-306 

*o-oo 

1-82 
5-68 

22-67 

16/7,  9''20"' 

0-299 

^oXl0« 

±0  000 
±0  000 
±0-000 
+  0-002 

+  0-002 


-0-006 
—0-009 

-0-016 


Original  hard  st«ol  rod,  No.  39,  again 
in.«eriod. 


16/7,    9'>25'" 
11    26 
1    46 
5    58 


17/7, 


S^  SO"* 
12    65 
6    04 


18/7,     8»'27»' 

2  28 

r9/77~9»^  41'" 
12    20 
6    15 

20/7,     8^H"' 

20/77  10"'7>0'" 
11    18 
11    50 
1    53 

3  44 
6    35 


0-9481 
1-009 
1028 
1-052 


*o-oo 

202 
4-33 
8-55 


1-093 
1102 
1  125 


1-151 
1-160 

ri85 
1-186 
1-18G 


2.i-42 
27-50 
32-65 


21/7,  10»'02'" 
12    18 


1  -207 

~()-458 
0416 
0-390 
0-354 
0-330 
0-303 


47  03 
53  05 


72-27 
74  92 
79  83 


0-247 
0-239 


9506 


fO-00 
0-47 
1-00 
3  05 
490 
775 


23-20 
25-47 


+  0032 
—0-029 
-0-048 
—  0-072 

-6-113 
-0-122 
—0-145 

-0-180 


0-206 

0-206 

-0-206 

0-Y2~7 


—  0062 
-0-020 
±0000 
+  0-042 
+  0  066 
+  C-093 


+  0  J49 
+  0-157 


♦Total  twist  V.-(- V'a)=180 
t  Total  twist  -  V.  -f  ( -  V'a)=1 


,  twist  of  steel  V„  positive. 
80°,  twist  of  steel,  positive. 
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T>B|.K  33. — Appabatus  (tubular)  T. 
fl=360"" ;  i=ai"".     Rods :  No.  /.  brwa  tube,  j  j^^^!  J^"".      So-  *'. 
d  450'.  1*,  2p=0082'".     C=001o5—';  9=0005*"'';   Q/g>il. 


D»te. 

fKlO' 

Ao 

♦.xlO' 

DaiP. 

♦  x:o«  '    h. 

♦."lie 

33/1.     SMB" 
3   18 
B    39 

"s'coj 

3'.->41 

fo-oo 
on 
a-03 

3-68 
tl6-27 
304.. 

•b-00 

2-67 
30-52 
24-1 11 
37-43 
68  Id 
H-33 
7602 

ro'o33 

-0-029 

-0-053 

-0106 

-0-136 

-0  0T« 

-t- 0-047 

0-1 8» 

0-300 

0-207 

28/7.    SMZ"' 
1    18 
4   28 

1-476  120  14 
1-498 

asK 

7    13 

23/'.    S''""' 
1!    48 
4    33 

30/7,    S''01"' 

1   ir> 

1-511   143-86 
1-618 

i-Bai 

1  661  »167« 

1-654 
1-660 

(1-417 

33/1.     l''B*" 

12  oa 

3-465 
3-435 

23/7,  IZ'-ST" 
3    3T 

iMiae 
rii7 

r283 

1-300 
1-307 

1    03 
4    23 

31/7.    9''B4"- 

12    44 

4    0) 

a/8.    S>'04- 

1    37 

1671    191-94 
1-672 
1-672 
"1-689  239  96 
1693 
1-696 

1-7371338-63 
I-73T1 

0-iX 

36/7,    9'' OB-' 
12    17 
3    58 

1403 

-    1-417 

l'4.n 
1  441 

0-298 

0-309 

0-317 

—0-33-7 

o-sS 

2T/T,     S'OS- 

BS-71 

13    38 
4    IH 

B/8,     V'A'i- 

E    2; 

0-6-B 

Table  34. — Apfaritos  III. 

";  i<0-a"".     Rods:  No.  61.  Boft,  (1'= 


fxlO»        A.        f.xlO> 


24/8, 


-0-004 


11-01 9| 


'   26/8. 

)| 

*     'I 
-o-ooa  i^hTs; 

+  0-003,      ' 
"0^008  29^8. 


... 

♦  ^IC 

h. 

».xI0— 

9'>06'" 
7   01 

0-B81 
0-568 
0-668 
0-556 
0-648 
0-530 

92-80 

OOS* 

OMO" 

4    08 

1 16-40 

0-01* 

SklO-" 
7    36 

144-13 

-00c- 

g'  20- 

6    B6 
0''12"' 
6    IT 

o-5ao 

0-620 
0-615 
0-507 
0-60B 

164-87 
18890 

-0-0= 

!."  11"' 

207-93 

-0-0 — 

•Adjuslid  r~l.-f.  I  Re-sdjusied  T-i-i-1-/ 

We  have  not  yet  made  the  tubular  apparatus  as  sensitive   3 
its  indications  as  is  the  bifilar.     The  results  are  neverthele- 
sufficiently  sharp  and  pronounced  and  are  cited  here  for  th^B 
imporlant  bearing  in  the  inferencee  to  be  drawn  for  steel.     Fie^ 
glass  lobe  is  to  be  preferred  to  brass. 
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DiBCUSSIOIT. 

Vvemty  and  temper. — 1.  The  reaulls  of  tables  1  to  26  may 
bediscQBsed  in  two  waye:  We  nmr  either  accept  some  deHnite 
and  applicable  law  like  that  of  Weber  or  of  Kolilrausch,  and 
catcalste  the  mean  constants  for  each  set  of  results ;  or  we  may 
coDstracl  them  graphically  and  then  calculate  the  coiirdinates 
of  the  mean  curve  for  each  seL  The  latter  in  decidedly  the 
beUer  way,  because  it  is  less  arbitrary  and  more  convenient. 
In  table  S3  the  mean  results  in  question  are  thus  summarized. 
The  first  three  colamna  indicate  the  tables  from  which  in  each 
caw  the  selections  are  miide,  the  rods  selected,  and  their  tem-. 
pen.  The  remaining  colamns  contain  the  differences  of  viscous 
aetonioQ,  f„  in  radians  per  centimeter  of  length  of  the  bifilar, 
one  of  the  wires  of  which  is  invariably  glass-hard,  the  other 
annealed  as  stated,  a,  is  arbitrarily  Qxed  at  zero,  for  one  hour 
aflert  twist  of +180^  and  —180°  has  been  imparted  to  the  soft 
and  hard  wire,  respeotively. 


Tablb  33.—Dieal  ofOttm 

tanruuiU 

TbMu  1  to  te. 

Tibk  So 

1     Boda^Jot. 

^,x  10' in  radiaus  per  cenlimeter  of 
leiiB;tll  at 

1 

50'' 

lOOl' 

ISO''  200''  260* 

300'' 

■150'' 1400' 

1.! 

1           ''^ 

*T,  43 

20-,   <•=>■ 
(gUaa-ll'd) 

4-08 

Oil 

5A.6A,  7, 

1  (  3,  i.  5,  6,  J,  8 
,  \  9,  10,  43,  44. 
{  46.  4G 

100",  lO' 

O'BS 

0'B6 

1-41   r6S  1-11 

10,   U.  13i 

,,'}11. 12,13,  U 
",]  16,  16,  19,20 

i       n.  18 

|1         21,22 

190°,  I'' 

I'ifl 

1-flq 

3-27'  2-sS  295 

i      ! 

16,  la 

360",  1" 

I -81 

2-fil 

!    ' 

3-13'  3-5:t  :f84 

4-14' 412l  4-70 

i>,  !n 

I         ?3,  S4 

1  (         2S,  36 

4S0\  1'' 

2-01 

T\t 

3'31    3-75  4-14J4-J0  4-80 

5-01 

23.  !*,  !S, 

,  (    21.  S8.  29 

i  \\    30,31,  32 

1  \         33.  34 

lOOHo 

I  TO 

2-Sl 

a-lOiH-Ol    4-04 

4-40 

407 

' 

The  results  of  table  33  are  graphically  constructed  in  figure 
3,  time  in  hours  as  ab'^cissa,  difference  of  angular  detorsion  y„ 
in  radians,  as  ordinate. 

Table  23  and  figure  3  lead  to  this  curiou^y  remarkable  re- 
snll:  If  vpe  abstract  for  the  moment  from  the  states  of  temper 
extreme  hard  and  extreme  soft,  the  viscosity  of  steel  decreastt  in 
pTopoTlion  aa  the  hardness  of  the  metal  increases.      Wccall  to  mind 
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here  that  the  torsion  imparted  was  not  sufficiently  large  to  pr^ 
(luce  marked  permanent  set.     If  we  express  its  intensity  b 


a. 


{0'4tE)^df,  and  introduce  the  constants  of  the  apparatus 

we  find  that  the  moment  of  the  applied  torsion  couple  did  n  • 
exceed  0*6  kg.  on  centimeter  of  arm.  (Cf.  remark  on  strer 
value,  p.  30.)  If  following  Sir  William  Thomson,*  we  ogr 
that  **tne  molecular  friction  in  elastic  solids  may  properly  •: 
called  viscosity  of  solids,'*  then  our  deduction  may  be  state? 
the  molecular  friction  in  case  of  steel  is  greater  in  proportion  as  C 
metal  is  softer,^  Examples  of  such  relations  in  divers  su. 
stances  are  not  unknown.     Hard  steel  as  regards  viscosity  ar 

♦Thomson:  1.  c,  or  Thomson  and  Tail,  Natural  Philos.,  II,  p.  H03,  1883.  C 
present  conception  of  the  viscosity  of  liquids,  as  well  as  the  hypothetica  ^ 
proportionality  of  frictional  resistance  and  velocity  were  introduced  by  NewA 
(Principia.  L.  II,  Sect,  ix,  *' fesistentia  quaj  oritur  ex  defectu  lubricitatis"). 

f  Degrees  of  thermo-electric  hardness  are  here  specially  in  plaoe.  Cf.  U^ 
Geolog.  Survey,  Bull.  14,  p.  66. 
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lardness  may  be  typified  by  sealing-wax  ;  soft  steel  by  tallow.* 
S^evertheless  the  continaoas  variations  of  these  properties  ex- 
aibited  by  steel  is  as  unique  as  it  is  striking.  Indeed  we  felt 
3iffidence  in  reporting  this  result  and  have  taken  pains  to  sub- 
stantiate it 

The  motion  of  the  bifilar  body  of  the  above  apparatus  can 
be  interpreted  from  two  standpoints:  Either  it  is  due  to  the 
tX)rsional  couple  and  the  resultpf  viscous  yielding  of  the  harder 
wire  relatively  to  the  softer;  or  it  may  be  due  to  the  bifilar 
and  flexural  couple  and  is  then  the  result  of  viscous  yield- 
ing of  the  softer  wire  relatively  to  the  harder  (xxxii,  p.  466). 
Bat  the  bifilar  and  flexural  couples  have  been  proved  to  be 
zero  and  to  produce  a  zero  effect.  Hence  the  inference  above 
italicized  is  alone  admissible.  Again,  in  the  bifilar  apparatus 
w'here  steel  is  twisted  against  glass  (table  28)  the  soft  steel  is 
demonstrably  more  viscous  than  glass.  Hard  steel,  as  shown 
^y  its  behavior  with  the  same  fibre,  is  less  viscous  than  soft 
»t«el.  We  do  not  wish  to  say  that  it  is  less  viscous  than  glass 
>eoause  the  sectional  area  of  the  latter  fiber  is  larger.  Again, 
^  t:able  31,  which  contains  the  data  obtained  with  the  tubular 
apparatus,  soft  steel  yields  viscously  at  about  the  same  rale  as 
™^  brass  tube  of  more  thanybwr  tim^the  sectional  area  of  the 
t^«l  wire.  Hard  steel  under  the  same  circumstances  yields  at 
'V^ery  much  greater  rate  than  brass. 

CDur  results  for  degrees  of  hardness  higher  than  "Annealed 
O^o^  2QhM  gj.g  lo  be  regarded  incomplete  because  of  the  mag- 
^^ic  importance  of  those  degrees.  As  steel  passes  in  hardness 
Oin  ^^Annealed  450°"  lo  "Annealed  1000°"  (soft),  it  probably 
'^^rches  through  pronounced  maximum  viscosity.  This  result 
jDretty  clearly  indicated  by  table  33  and  figure  3.  Here  also 
^^  results  are  to  be  regarded  incomplete  because  of  the  mag- 
^tiic  importance  of  the  (soft)  degrees  of  hardness  in  question, 
r  methods  of  annealing  between  500°  and  1000°  are  not  as 
satisfactory. 

2.  If  we  compare  the  results  of  table  33  or  of  fig.  3  with  the 
'^'tiown  thermo-electric  behaviorf  of  steel  wires,  we  detect  a 
yery  striking  similarity  in  contour  and  position  of  correspond- 
ing members  of   the  viscous  and   thermo-electric  families  of 
turves.      Both    phenomena    practically   subside   in    the   first 
T>\jaseof  annealing;  the  effect  of  temperature  becomes  rapidly 
i^ss  as  higher  degrees  are  approached. 

3.  The  relations  between  hardness  and  Viscosity  here  en- 
countered may  perhaps  be  conceived  somewhat  as  follows: 
Suppose  stress  to  be  so  distributed  in  a  solid  that  its  applica- 

*  These  examples  (tallow,  sealing  wax)  are  given  by  Maxwell:  Heat,  p.  296, 
Appleton,  N.  Y.,  1883. 
t  U.  S.  Qeol.  Survey,  Bull.  14,  pp.  54,  55. 
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tion  at  any  interface  is  nowhere  sufficient  to  produce  rapture. 
Then  that  property  of  a  solid  in  virtue  of  which  it  resists  very 
small  forces  (zero-forces)  acting  through  very  great  intervals  of 
time  (  Qo-times)  may  be  termed  the  viscosity  of  the  solid.  That 
property  in  virtue  of  which  it  resists  the  action  of  very  large 
forces  (co-forces  relatively)  acting  through  zero-time  may  be 
termed  the  hardness  of  the  solid.  Since  the  application  of 
forces  in  such  a  way  as  accurately  to  meet  either  of  these  cases 
is  rare,  we  have  in  most  practical  instances  mixtures  of  viscous 
resistances  and  of  hardness  to  encounter.  We  may  reasonably 
conceive  that  in  the  case  of  viscous  motion  the  molecules  slide 
into  each  other  or  even  partially  through  each  other  per  inter- 
change of  atoms,  so  that  the  molecular  configuration  is  being 
continually  reconstructed  ;  that  in  the  other  case  (hardness)  the 
molecules  are  urged  over  and  across  each  other  and  that  there- 
fore the  intensity  of  cohesion  is  in  this  case  more  or  les^ 
thoroughly  impaired.  The  interpenetration  of  the  molecules  oC 
a  viscous  substance  is  necessarily  favored  by  temperature  _ 
Hence  we  infer  the  experimental  result  that  the  viscous  infl 
ence  of  temperature  is  marked.  If  Clausius's  theory  of  ele 
trolysis  be  correct,  then  a  certain  instability  or  imperfect  un 
formity  in  the  molecu1!tr  structure  of  solids  follows  at  on 
from  the  fact  that  many  solids,  notably  glass,*  may  be  elect 
lyzed  even  at  moderately  high  temperatures  (300°). 

4.  The  stored  torsional  stress  imparts  a  strain  to  the  soli 
Viscous  detorsion  therefore  is  accompanied  by  a  residual  ph 
nomenon.  The  observed  deformation  will  continue  until  t" 
applied  tendency  to  change  of  form  is  reduced  in  value  to  t 
evoked  and  increasing  tendency  against  change  of  form, 
the  applied  stress  be  removed,  the  reciprocating  stress  becom. 
apparent  and  produces  viscous  effects  of  its  own  kind,  as  Kofc^l 
rausch  has  shown.  The  result  has  many  magnetic  and  elect^' 
cal  analogies,  among  which  the  phenomenon  of  residual  staC»ic 
charge  is  most  obvious.  In  the  tubular  apparatus  (table  8i)i 
the  residual  deformation  of  the  preceding  twist  may  be  sup^"*' 
imposed  on  the  deformation  immediately  in  progress.  Whethi^' 
the  two  residual  phenomena  here  annul  each  other  so  that  t>li^ 
primary  detorsion  is  alone  exhibited  remains  to  be  seen. 

In  liquids  there  is  no  such  reaction  unless  it  be  the  recipic*o 
eating  force  of  galvanic  polarization.  In  polarization,  ho^^ 
ever,  the  mechanism  is  of  an  obviously  chemical  kind.  ^^ 
solids  it  is  believed  to  be  not  chemical. 

Sectional  areas  of  bijilar  tvires. — The  essential  peculiarity 
the  bifilar  apparatus  is  thif,  that  the  two  wires  are  twisted 

*  Warburg:  Wied.  Ann.,  xxi,  p.  622,   1884.     Literary  notes  are  there  gi^ 
Warburg  is  able  to  replace  ^  of  the  sodium  of  glass  by  sodium  of  the  anode. 
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identical  couples.*     The  absolute  value  of  these  couples  during 
the  experiment  remains  constant  to  2  or  3  per  cent.     If  the 
sectional  areas  of  the  wires  be  identical  our  apparatus  leads  to 
results  which  come  very  close  to  Newton's  definit^ion  of  vis- 
cosity.    Newton  suggested  that  the  internal  friction  of  liquids 
is  caU.  par.  directly  proportional  to  the  difference  of  velocity 
^tween  nearly  contiguous  surfaces.     In  the  bitilar  apparatus 
^he  torsional  viscosities  of  two  substances  are  equal  if  for  iden- 
Ucal  strains  and  equal  sectional  areas  torsional  change  of  form 
occurs  at  like  rates  per  unit  of  length      This  is  the  condition 
of  rest  or  zero-motion  of  ihe  suspended  body. 
*  We  do  not  at  present  wish  to  do  more  than  advert  to  an  im- 
portant deduction  here:  it  is  obvious  that  if  the  sections  of  the 
^ires  be  so  c'osen  that  the  motion  of  the  bifil^r  body  is  zero, 
the  viscosity  of  the  wires  must  be  inversely  related   to  those 
sections.    This  principle  apparently  enables  us  to  arrange  solids 
'n   a  scale  of  viscosity.     We  may  formulate  it  approximately 
ill  us: 

Oonsider  an  elementary  ring  of  either  wire,  whose  height  is 
&  and  whose  right  sectional  area  is  27rrdr.  Let  df  be  the 
amount  of  tangential  force  uniformly  distributed  over  this  area. 
At  the  time  t  let  the  velocity  of  the  upper  surface  relatively  to 
iho  lower  be  cr,  where  c  is  a  time-funciion  and  ccet.  par,  a  char- 
^^eristic  of  the  viscosity  of  the  wire.  Then  if  fit  be  the  co- 
^ficsient  of  viscosity  at  the  time  t  we  have 

,^         cr27trdr       .        c^r*  , 

^^  Vie  multiply  by  r  and  tlien  integrate  between  zero  and  p 
v^bickness  =  2/5),  the  numerical  result  is  ihe  part  of  the  im- 
P**^ssed  torsional  couple  which  corresponds  to  the  length  dz, 
^  similar  integral  holds  for  the  other  wire,  to  distinguish 
'''hich  it  is  merely  necessary  to  accentuate  /,  fiu  c,  r,  p,  The 
s^oi  of  the  two  integrals  is  zero.  If,  moreover,  we  put  c=c^ 
^^  view  of  the  state  of  rest  of  the  bifilar  body,  we  lind  that  the 
^^scosities  (/£<,  p\)  of  the  two  substances  (wires)  are  to  each 
other  inversely  as  the  squares  of  the  respective  sectional  areas 
oy  which  the  motion  of  the  bifilar  suspension  is  annulled. 

Unfortunately  the  problem  is  much  more  complex  than  it 
^^re  appears.  The  dependence  of  torsional  deformation  on 
^^nie  in  case  of  a  single  wire  is  obviously  related  to  the  char- 
acter of  the  molecule.  When  two  difierent  substances  in  wire 
form  are  twisted   bifilarly  against  e«ich   other,  the  effect  will 

Many  years  ago  we  compared  the  longitudinal  resilience  of  hard  and  soft 
i^teel  by  fastening  one  end  of  thin  wires  in  a  vise  and  bending  them  with  a 
Weight  applied  at  the  other.  We  found  but  insignificant  differences.  Hence  the 
stored  torsions  of  two  steel  wires,  hard  and  soft,  produced  by  equal  couples  are 
c«/.  par.  of  equal  angular  value. 
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rarely  be  such  that  the  torsional  yieldings  continually  equalize 
each  other,  no  matter  what  relations  of  section  may  be  cnoseD. 
The  motion-curve  of  the  bifilar-suspension  will  snow  maxima 
or  even  points  of  circumflexion,  such  as  have  been  actually 
encountered  in  tables  28,  29,  29A,  and  the  definition  of  rela- 
tive viscosities  of  the  two  wires  will  become  correspondingly 
involved. 

Again,  /i,  for  solids  is  not  merely  a  function  of  time  but  very 
essentially  a  function  of  stress.  Above  we  show  (xxxii,  p.  452) 
how  by  simply  adjusting  the  lengths  of  the  bifilar  wires,  vis- 
cosities may  be  compared  at  a  given  temperature,  as  time- 
functions  with  identical  values  of  the  parameters  stress,  strain 
(sectional  area).  We  do  not  believe  that  viscous  detorsion  in 
this  full  relation  has  ever  been  rigidly  investigated.  The  re- 
sults would  lead  to  families  of  curves. 

Given  a  quadrifilar  arrangement  of  four  viscously  identical 
wires.  Let  the  twist  ^„  be  stored  between  any  two  of  them 
and  then  let  the  twist  ^,5,,^  be  additionally  stored  between 
these  two  as  one,  and  the  third  and  fourth  wire  as  one.  Such 
a  device  enables  us  in  the  above  way  to  study  viscosity  in  its 
simple  dependence  on  strain,  for  all  values  of  stress.  We 
have  not,  after  some  searching,  been  able  to  find  definite 
evidence  of  a  viscous  strain-eflFect. 

Viscosity  and  strain, — 1.  When  we  commenced  the  present  ^ 
research  a  comparison  of  the  viscosity  of  glass  and  steel  ap- 

E eared  desirable.  In  tables  27  and  28  such  comparisons  have 
een  attempted,  though  we  regret  that  our  available  time  has 
not  permitted  us  to  pursue  them  further.  In  table  27,  the 
sectional  area  of  glass  fiber  is  less  than  that  of  steel  wire; 
nevertheless  the  viscous  yielding  of  the  fiber  is  so  much  more 
rapid  than  that  of  the  wire,  that  we  may  reasonably  infer 
degrees  of  viscosity  of  the  same  order  in  tne  two  substances. 
In  table  28,  the  sectional  area  of  glass  exceeds  that  of  steel. 
Hence  these  data  prove  that  the  torsional  viscosity  of  annealed 
steel  is  greater  than  that  of  glass.  The  viscosity  of  hard  steel 
during  the  first  ten  hours  of  detorsion  is  certainly  very  much 
greater  than  that  of  glass.  During  the  remainder  of  the  time 
it  is  decidedly  less.  The  curve  passes  through  a  maximum  for 
which  point  the  rates  of  viscous  detorsion  of  glass  and  of  glass-  ^ 
hard  steel  exactly  coincide.  Since  the  sectional  area  of  glas^^ 
is  greater,  we  safely  inft^r  that  the  viscosity  of  glass  is  not  uni 
formly  greater  than  that  of  glass-hard  steel.  It  is  well  to  cal 
to  mind,  however,  that  the  sum  of  the  torsions  is  here  onl; 
^,+^^  =  90°.  Moreover,  since  for  equal  couples  and  dimensioi 
Egiffg=l\(p^^  where  E  is   Young's   modulus^  of  resilience  f( 


*  To  obtain  an  estimate  it  is  sufficient  to  accept  the  same  ratio  of  mociulus  ^-^ 
torsion  to  njoduliis  of  lonijitiidinal  resilience  for  eacli  case.     Poisson's  ratios  f»S 
glass  and  steel  are  about  as  2G  to  30. 
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glass  and  for  steel  respectively  and  <p  the  corresponding  tor- 
sion; and  since  EjE^^^l/Z  approximately,  it  appears  that 
ffg=3^,  nearly.  Hence  for  equal  stresses,  strains  are  thor- 
oughly unequal,  and  in  ihe  same  measure  are  these  compari- 
sons not  thoroughly  just.     Cf.  xxxii,  p.  30. 

2.  A  similarly  important  desideratum  is  the  comparison  of 
the  viscosities  of  steel  and  of  iron.  In  tables  29,  29A  and  30 
such  comparisons  are  made,  though  further  results  are  not  su- 
perfluous. It  appears  distinctly  that  during  the  first  five  or  ten 
hours  of  detorsion  the  viscosity  of  iron  is  in  a  strikingly  pro- 
nounced manner  less  than  that  of  steel.  As  detorsion  continues 
the  viscosity  of  soft  iron  continually  remains  below  that  of 
steel,  whereas  the  viscosity  of  drawn  iron  grows  temporarily 
greater  than  nteel  but  finally  reaches  the  same  value.  In  this 
case  the  motion-curve  passes  through  an  exceedingly  sharp 
maximum,  at  which  the  viscous  yielding  of  iron  and  of  steel 
occurs  at  like  rates.  Having  exhibited  greater  viscosity  in 
drawn  iron  it  finally,  per  circumflexion,  merges  into  a  horizon- 
tal asymptote,  which  probably  indicates  subsidence  of  motion 
in  each  wire.  These  unexpected  results  show  that  the  viscosity 
of  steel  is  not  uniformly  greater  than  that  of  iron.  Obviously 
glass-hard  steel  for  the  given  stress  is  very  much  less  viscous 
than  iron. 

The  sum  of  the  twists  is  here  nominally  ^,— (— ^|)=360°. 

Particularly  in  the  case  of  soft  iron  its  efficient  value  is  very 

decidedly  less,  however.     The  applied  torsion  carries  the  iron 

wire  much  beyond  the  limits  of  elasticity ;  and  so  much  of  the 

stress  vanishes  instanter  that  the  "  after- action  "  subsides  within 

relatively  small  limits.     The  viscosity  of  (soft)  iron   is  either 

less  or  greater  than  that  of  hard  sieel  according  as  the  applied 

torsional  stress  surpasses  or  falls  below  a  certain  critical  value. 

This  result  again  shows  the  importance  of  stress- measurement, 

as  a  means  of  coordinating  the  lingering  of  purely  viscous  de- 

iormation  and  the  instantaneous  (?)  deformation. 

In  the  abt)ve  results  the  curvature  of  the  (absolute)  motion 
curve  for  a  5m^Z€  wire  increases  uniformly  from  hard  steel  to 
soft  steel;  increases,  moreover,  from  soft  steel  to  iron.  Curva- 
ture IS  greater  in  the  glass  curve  than  in  hard  steel  curves.  So 
Was  we  have  observed  (steel,  iron,  glass)  viscous  deformation 
^^rs  more  nearly  at  uniform  rates  (linearly)  in  proportion  as 
ardness  is  greater.  Curvatures  for  early  time  are  meant,  the 
^Q    parts  of  curves  being  asymptotes. 

*^-    T^he  remarks  just  made  on  the  viscosities  of  glass  and  iron 

•  ^?^^t  this  plausible  inference:  if  glass  and  steel  be  alike  sub- 

•|.  ^®<i    to  a  stated  process  of  quenching,  and   if  after  the  opera- 

I .  ^  '^jas  been  performed  glass  be  found  to  have  retained  a  very 

8"     intensity  of  strain  (Rupert's  drop),  then,  a  fortiori^  steel. 
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the  substance  of  greater  viscosity,  must  have  retained  a  similarly 
high  intensity  of  strain.     This  reasoning,  however,  is  incom- 
plete and  must  be  approached  with  caution.     We  pointed  out* 
that  the  low  degrees  of  thermal  conductivity  possessed  by  glass 
were  favorable  to  the  reteniion  of  strain.     We  also  remarkedf 
that  the  occurrence  of  Gore's  phenomenon  of  sudden  expansion 
at  red  heat  distinguished  iron  and  steel  from  all  other  metals, 
and  that  in  spite  of  relatively  good  thermal  conductivity,  iron 
and  steel    possessed  virtually  all  the   favorable  conditions  of 
glass  for  retaining  strain.     Whether  differences  of  viscosity  are 
sufficient  to   account  for   the   unlikeness  of   behavior  during 
quenching  we  are  unable  to  say.     It  will  be  necessary  to  com- 
pare iron  and  steel  at  higher  than  ordinary  temperature  and 
also  under  greater  values  of  applied  stress  than  was  easily  fea- 
sible in  the  above  experiments.     In  other  words,  iron  and  soft 
steel   are  nearly  equally  viscous  for  small   values  of  stress. 
After  stress  exceeds  a  certain  intensity,  the  permanent  set  sud- 
denly imparted   to  iron  is  enormously  great  as  compared  with 
steel.     Similar  relations  are  true  for  soft  steel  when  compared 
with   hard  steel.      It  is  this  class  of   ** sudden*'   phenomena 
which  come  into  play  during  quenching.     The  primary  effects 
of  quenching  steel  is  chemical  hardness.     Strains  are  retained^ 
in  the  steel  so  modified,  just  as  they  are  in  glass:  whereas  ii^ 
soft  steel  or  soft  iron  the  result  would  be  permanent  set.     Tlie^ 
occurrence  of  sudden  and  gradual  deformation  in  a  single  sab — 
stance  suggests  that  ordinary  static  friction  is  probably  a  viscous 
phenomenon. 

We  add  in  passing  that  the  observed  ineflBciency  of  temp 
tures  less  than  200°  in  producing  marked  viscous  deformatio 
in  a  Rupert's  drop  proves  that  mere  interference  of  thermi 
expansion  with  the  conditions  of  strain  cannot  be  the  primar 
cause  of  its  variations ;  that  strain  variations  essentially  depen 
on  diminished  viscosity. 

We  also  add  in  passing  that  the  importance  of  strain  as 
ciated  with  glass- hardness  is  emphasized  by  the  mass-constan 
of  the  cast-irons.  The  densities  of  these  metalsj  range  betw 
the  maximum  of  ca.  7*6  for  white  cast  iron  and  the  minimum 
ca.  6*9  for  gray  cast  iron.  Hence  density  increases  in  mark 
degree  in  proportion  as  total  carbon  is  more  and  more  near'^^ 
combined.  Quite  the  reverse  of  this  is  true  for  steel  whe  ^ 
density  decidedly  decreases  as  total  carbon  is  more  and  mo-  ^ 
nearly  combined.  This  discrepancy  we  interpreted  as  a  str^-^^ 
of  dilitation  and  carefully  compared  it  with  the  analogous 
hnvior  of  glass  in  our  earlier  papers 

*  This  Journal,  xxxi.  p.  451,  1886.  f  ^^^'  ^*»  P-  ^9- 

J  Cf.  Bloxhara's  Chemistry,  p.  342,  Lea,  Philad.,  1873.     Bull.  14,  pp.  76,  11. 
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We  add  finally  the  following  data  from  the  elastics  of  glass 
and  of  steel.  The  aeolotropic  expansion  produced  by  quench- 
ing glass  or  steel  we  showed  elsewhere*  to  amount  to  0*005. 
The  volume  resilience  of  glass  and  of  steel,  according  to  Pro- 
fessor Everett's  measurement9,f  is  ixlO"  and  2x10'' respec- 
tively. Hence  if  per  square  centimeter  p  be  the  stress-value 
for  the  given  expansion,  we  find  aproximately  ^^=10x10* 
dynes  for  steel  and  2x10*  dynes  for  glass.  Now  per  square 
centimeter  the  tenacity  of  steel  is  8x10*  dynes;  the  tenacity 
of  glass  0'6xl0*  dynes.  The  approximate  ratio  of  stress  to 
tenacity  is  therefore  estimated  at  1'3  for  steel  and  3*3  for  glass. 
This  shows  that  in  both  cases  stress  and  tenacity  are  of  the 
same  order;  that  stress  is  in  excess ;  that  but  for  the  peculiarly 
favorable,  symmetrically  arched  structure  of  the  quenched 
globule,  rupture  would  ensue  in  glass  certainly ;  probably  also 
in  steel.  This  accords  with  the  explosive  tendency  of  a  P.  R. 
drop  and  with  the  less  pronounced  liability  of  steel  to  crack 
onquenching4  If  therefore  quenched  glass  and  quenched  steel 
afe  under  mean  stress  intensities  of  several  thousand  atmos- 
pheres, then  in  discussing  the  corresponding  viscous  properties 
they  must  be  brought  into  relation  with  these  high  values  of 
peculiar  stress. 

Magnetic  relations, — 1.  If  again  we  abstract  from  the  extreme 
states  of  hardness,  we  find  that  both  the  viscosity  and  the 
moment  of  linear  magnetization  per  unit  of  mass,  of  a  perma- 
nently saturated  steel  rod,  increase  in  marked  degree  from 
hard  to  soft  This  is  a  singularly  striking  result,  inasmuch  as 
the  conditions  of  magnetic  stability  (following  Uopkinson  we 
shall  call  them  coercive  force),  conditions  which  at  first  sight 
we  would  be  inclined  to  associate  with  viscosity,  decrease  as 
viscosity  increases.  Hence  permanently  saturated  linear  mag- 
netic intensity  and  viscosity  on  the  one  hand,  magnetic  stability 
or  coercive  force  and  hardness  on  the  other,  seem  to  belong 
together. 

2.  The  minimum  of  permanent  linear  intensity  of  saturated 
steel  rods  has  no  viscous  equivalent;  but  we  have  not  yet 
studied  the  viscosity  of  extremes  of  hard  steel  minutely,  nor 
have  we  as  yet  sufiBciently  sharp  data  for  the  magnetization  of 
very  long  rods  (length/diameter>100)  in  its  relation  to  temper. 
In  the  extreme  soft  region,  on  the  other  hand,  the  occurrence 

*Thi8  Journal,  xxxii,  pp.  190,  191,  ISBfi.  By  jcolotropic  expansion  we  refer 
to  the  part  of  the  total  expansion  which  produces  exph)sivcness  and  the  polari- 
*^pic  phenomenon. 

^t  Everett:   Phil.  Trans ,  p.  369,  186G.     The  above  numbers  are  rounded  from 
Everett's  values. 

I  Mr.  J.  M.  Batchelder  has  just  communicated  to  us  liis  interesting  results 
(•Journal  Franklin  Inst.,  (3)  viii,  p.  133,  1814),  in  which  of  twelve  massive  pieces 
of  quenched  steel,  eight  subsequently  cracked  and  one  actually  exploded. 

Am.  Jour.  Sci.— Third  Series,  Vol.  XXXIII,  No.  193.— January,  1887. 
3 


84  Bams  wad  Strouhal —  Viscosity  of  Sted. 

of  a  unique  maximum  of  magnetization  seems  certainly  to  be 
coincident  with  the  occurrence  of  maximum  viscosity.  The 
magnetic  maximum  so  far  as  our  results  go  is  apparently  much 
more  clearly  pronounced  than  the  viscous  maximum.  We 
remark  in  general  that  as  the  ratio  of  length  to  diameter 
increases,  the  minimum  of  permanent  magnetization  shows  a 
tendency  to  move  from  soft  to  hard.  Furthermore,  it  is  proved 
that  the  permanent  magnetization  of  soft  rods  is  greater  in  pro- 
portion as  they  are  more  and  more  nearly  linear.*  Hence  as 
our  march  approaches  the  linear  limit  we  observe  an  unmis* 
takablo  tendency  toward  more  detailed  similarity  between  the 
variations  of  the  magnetic  and  the  viscous  properties  of  steel. 

Mr.  Hopkinsonf  in  his  memoir  on  the  magnetization  of  iron 
introduces  a  definition  of  coercive  force,  defining  it  as  "that 
reversed  magnetic  force  which  just  suflBces  to  reduce  the 
induction  to  nothing  after  the  material  has  been  subjected 
temporarily  to  very  great  magnetizing  forca"  There  is  a  slight 
objection  to  this  definition,  inasmuch  as  it  introduces  a  some- 
what vaguely  complex  state  of  zero-magnetization.J  But  the 
feature  in  question  is  as  hard  to  improve  as  the  definition  is 
valuable.  Mr.  Hopkinson's  extensive  experiments  show  that 
coercive  force  is  invariably  increased  by  hardness.  Together 
with  others  we  have  proved  that  hard  steel  is  alike  wel\ 
adapted  to  withstand  the  influence  of  percussion. 

3.  These  general   relations  between  viscosity  and  maximu 
permanent  linear  intensity  observed  for  steel  are  sustained 
iron.     According  to  data  contained  in  a  paper  of  the  lamen 
Dr.  L.  M.  Cheesman§  the  permanent  magnetization  of  dra 
iron  exceeds  that  of  soft  iron.     The  magnetic  intensity  of 
manently  saturated  drawn  iron  is  comparable  with  that  of 
steel  an(i  quite  equal  to  that  of  hard  steel.     More  recen 
and  even  more  elaborately  Ewing  has  discussed  the  subje^^^ 
He  finds  *Mn  the  absence  of  mechanical  or  other  disturbance^ 
soft  iron  is  far  more  retentive  than  either  hard  iron  or  steeJ^' 
an    exceedingly  remarkable    result||     Our  experiments  sho 
that  the  intensity  of  applied  stress  is  an  important  factor  itM 
determining  the  viscous  behavior  of  iron;  that  for  modera^ 

♦  Bull.  14,  pp.  240  to  143. 

t  Hopkinsou:   Phil.  Trans.,  ii,  463,  1885. 

%  The  unmagnelic  state,  though  dependent  on  the  details  of  the  process  of  tem- 
pering, is  a  distinct  niiignetic  state.  Similarly  wo  may  regard  the  saturated  mag* 
netic  slate,  though  allowance  must  here  be  made  for  the  occurrence  of  cyclic 
magnetization,  a  phenomenon  suggested  by  Fromme  (Wied.  Ann.,  iv,  p.  89,  1878) 
and  (Wied.  Ann.,  xiv,  p.  308,  1881),  concisely  interpreted  by  Warburg  (Wied 
Ann.,  xiii,  p.  141,  1881)  and  which  Kwing  (Phil.  Trans.,  ii,  p.  545,  1885)  has  re, 
cently  discussed  generically  under  the  name  of  "  hysteresis." 

gCheesman:   This  Journal,  xxiv,  p.  183,  1882.      Lengths  100  diameters  and 
less. 

I  Ewing:  L  c,  p.  641. 
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stress  values  it  uUimately  approaches  very  closely  to  or  even 
eiceeds  the  maximam  viscosity  of  steel;  that  it  is  much 
greater  than  the  viscosity  of  hard  steel. 

4  With  these  accordances  before  us,  we  may  venture  a  final 
suggestion.     The  viscosity  of  iron  increases  with  great  rapidity 
with  the  amount  of  deformation.     For  a  certain  interval  of 
(low)  values  of  applied  torsional  stress  it  even  exceeds  the 
maximum  viscosity  of  steel.     Hence  if  there  be  an  inherent 
bearing  of  viscosity  on  retentiveness,  there  is  given  us  in  iron 
a  condition  of  magnetic  instability  :  if  relatively  to  the  (decreas- 
ing) amount  of  deformation  or  of  magnetization  viscosity  de- 
creases rapidly,  then  a  mere  shock  may  at  once  deprive  the 
raagnet  of  the  whole  of  its  induction.     The  retarded  curvature 
pf  the  steel  curves  (tables  i  to  26)  does  not  invalidate  this 
inference,  since  retardation  is  here  an  expression  of  the  fact 
that  the  absolute  amount  of  change  of  form  for  each  rod  de- 
creases as  time  increases. 

We  do  not  wish  to  push  these  inquiries  into  further  detail  at 
present  because  we  have  experiments  with  iron  now  in  pro- 
gress. Nevertheless  we  invite  the  reader  to  peruse  for  compar- 
ison Mr.  Ewing's  magnetic  results  as  summarized  by  him,  1.  c., 
pp.  562,  563. 

Conclusion. — Among  the  chief  results  of  this  paper  is  the 
%ht  thrown  on  the  crucial  importance  of  the  physical  changes 
''^hich  steel  undergoes  during  annealing  at  high  temperatures, 
1-  e.  when  subjected  to  the  action  of  temperatures  between  500® 
^Dd  1000°.  It  is  within  this  interval  that  a  variety  of  nearly 
coincident  phenomena  occur:  Gore^s^  sudden  volume  expan- 
sion; Tait'sf  sinuously  broken  thermoelectric  diagram -line; 
^e  infer  an  irregular  behavior  of  electrical  resistance;  Gore- 
Baur'aJ  sudden  disappearance  of  magnetic  quality ;  the  passage 
of  carbon  from  uncombined  to  combined;  Jean's§  critical  ce- 
°^«ntation  temperature.  Furthermore,  Chernoft-Barus'H  sudden 
appearance  of  hardness  in  quenched  steel,  Fromme's^  maxi- 
°ium  density,  Chwolson's**  minimum  resistance,  our  own  unique 
niaximum  of  magnetizationff  and  probable  maximum  of  vis- 
cosity, are  all  referred  to  this  interval,  approximately  to  the 

*  Oore:  Proc.  Roj.  Soc.,  xvii,  p.  260.  1869. 

iTait:  Trans.  Roy.  Soc..  Edinburgh,  xxvii.  lSt2-73,  p.  1*25. 

t^iore:  Phil.  Mag..  IV.  xxxviii,  p.  59,  1869;  Baur.  Wied.  Ann.,  xi,  p.  408, 
^8S0;  Ibid.,  xl,  p.  170,  1870. 

pean?:  "Steel,  its  history,  etc."     London,  Spon,  1880. 

IChemoff:  Vortrag.  geb.  in  der  Russ.  techn.  Ges.,  April  and  Mai,  1878. 
^nis:  Wied.  Ann.,  vii,  p.  405,  1879. 

TFromme:  Wied.  Ann.,  viii,  p.  354,  1879.  We  were  unable  to  find  Fromme's 
•D^imum:  but  we  shall  search  again.  All  these  results  are  crucially  dependent 
on  the  method  of  annealing,  as  stated  in  the  text. 

**Chwol8on:  Carl's  Rep.,  xiv,  p.  26,  1878. 

tt  BaruB  and  Strouhal:  U.  S.  Geol.  Survey,  Bull.  14,  pp.  145,  198. 
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same  temperature.  To  determine  the  interdependence  of  these 
important  phenomena  it  is  obviously  first  necessary  to  devise 
methods  of  operating  on  steel  adapted  to  the  interval  in  ques- 
tion. In  other  words,  our  introductory  problem  is  the  anneal- 
ing of  steel  without  oxidation  and  without  carburation,  at 
measured  (high)  temperatures,  during  stated  times.  It  is  in 
this  direction  that  we  propose  to  have  our  investigation  proceed. 

Washing^n-Prague,  September,  1886. 


Art.  IV. — The  nature  and  origin  of  LithophyscB  and  the  lamin- 
ation of  acid  lavas;*  by  Joseph  P.  Iddings. 

The  Yellowstone  National  Park  with  its  thousands  of  square 
miles  of  rhyolitic  lavas,  presents  a  splendid  field  for  the  study 
of  the  various  forms  of  structure  and  crystallization  assumed 
by  acid  lavas  in  cooling.     And  it  is  the  investigation  of  these 
phenomena,  observed  while  prosecuting  the  work  of  the  U.  &- 
Geological  Survey  within  this  region  in  charge  of  Mr.  Arnolc^ 
Hague,  that  has  furnished  the  writer  with  the  data  upon  whict: 
the  conclusions  here  stated  are  based. 

Among  the  many  phases  of  crystallization  sp  richly  deve^"*. 
oped  in  the  rhyolitic  obsidian  forming  Obsidian  CliflF,  the  m 
characteristic  is  the  spherulitic,  producing  spherulites  fro 
microscopic  dimensions  to  several  inches  in  diameter.  They  a 
crystalline  bodies  with  a  radially  fibrous  structure,  which 
often  accompanied  by  a  banding  in  concentric  layers  of  diflfc 
ent  color  and  density.  In  thin  section  under  the  microsco 
they  are  seen  to  be  composed  of  sectors  of  fibers,  which  betw 
crossed  nicols  do  not  extinguish'ihe  light  parallel  to  the  lengjT*' 
of  the  fibers  which  would  produce  a  distinct  shadow-cross,  l> 
at  different  angles,  making  many  rays  of  shadow,  which  in  t 
smallest  spherulites  frequently  approach  the  form  of  a  cro 
These  spherulites  have  been  traced  through  gradations  <^ 
microstructure  to  groups  of  granophyre  feldspars  of  extrerx:* 
minuteness,  which  appear  to  be  composed  of  intergrown  quar't 
and  aciil  feldspar,  ana  enclose  trichites  and  microlites  whi<^l 
also  occur  in  the  spherulites,  so  that  the  mineral  compositioa 
the  spherulites  is  most  probably  quartz,  acid  feldspar  and  tri 
ites  of  magnetite  with  augitic  microlites.  Chemical  analjr 
of  the  spherulites  and  the  obsidian  in  which  they  occur  sa^^"* 
that  the  two  are  identical,  and  that  a  spherulite  is  only  a  P^^ 
ticular  form  of  crystallization  of  the  once  molten  glass,  r^^ 
largest  spherulites  have  an  earthy  texture  and  in  thin  secti^^ 

*  Extract  from  article  to  appear  in  the  Seventh  Annual  Report  of  the  Dir^^^**" 
of  the  U.  S.  Geological  Survey;  pubhshed  by  permission  of  the  Director. 
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are  seen  to  be  made  up  of  jointed  fibers  composed  of  micro- 
scopic feldspar  crystals ;  between  these  fibers  are  scales  of  tridy- 
mitewith  scattered  grains  of  magnetite  and  microlites,  besides 
innamerable  gas  cavities.  Frequently  the  tridymite  is  aggre- 
gated into  pellets  which  enclose  several  feldspar  fibers,  leavmg 
qaite  porous  spaces  between.  The  centers  of  these  larger 
spherulites  often  have  the  same  structure  as  the  smaller  sphe- 
rulites,  and  the  fibers  of  one  appear  to  be  continued  into  the 
other,  bat  to  have  formed  under  somewhat  different  conditions, 
since  the  cementing  mineral  is  quartz  in  one  case  and  tridymite 
in  the  other. 

In  the  porous  portions  of  the  large  spherulites,  intergrown 
with  the  feldspar  fibers  and  appearing  to  be  of  later  crystalliza- 
tion is  an  occasional  individual  of  yellow  iron-olivine  or  fayalite. 
So  that  the  association  of  minerals  here  developed,  tridymite, 
acid  feldspar  and  fayalite,  is  quite  an  uncommon  one  for  an 
ipeous  rock. 

The  spherulites  are  frequently  so  porous  as  to  be  hollow  in 
places.  Sometimes  a  large  cavity  is  situated  in  one  side  of  a 
radially  fibrous  spherulite.  In  this  case  the  fibers  project  into 
the  cavity  and  are  distinctly  visible  without  the  aid  of  a  magni- 
fying lens,  the  pellets  of  tridymite  being  also  recognizable. 
The  cavity  may  be  near  the  circumference  of  the  spherulite 
and  adjoirnng  the  enclosing  matrix,  or  lie  nearer  the  center 
leaving  a  dense  periphery  or  crust  like  the  rind  of  a  melon. 
This  is  the  more  usual  form.  Very  often  the  central  portion 
appears  to  have  shrunken  and  cracked  apiirt,  the  surface  mark- 
^•^gs  on  the  opposite  sides  of  the  gaping  cracks  corresponding 
exactly,  and  showing  that  the  walls  had  once  been  united  in  a 
continuous  mass.  Another  variety  has  the  cavities  in  concen- 
tnclayers,  with  delicate  partition  walls  between  them  forming 
toin  concentric  shells.  When  these  have  been  developed  in  a 
lava  to  which  there  is  a  laminated  structure,  marked  by  layers 
of  microlites  and  other  forms  of  crystallization,  the  concentric 
shells  of  the  hollow  spherulites  are  traversed  by  thin  layers  of 
crystals  in  continuance  of  the  lamination  in  the  matrix. 

The  large  hollow  spherulites  arc  generally  hemispherical,  and 
the  concentric  shells  and  cavities  produce  very  beautiful  struc- 
tures, which  when  broken  across  present  roselike  centers  sur- 
rounded by  delicate  encircling  rings.  These  forms  are  espe- 
cially characteristic  of  the  lithoidal  portion  of  the  obsidian  flow 
at  Obsidian  Cliff  and  are  the  typical  structures  which  have  been 
called  litliophys(je  by  von  Riclithofen*  because  tliey  apj^ear  to 
have  been  inflated  by  expanding  gas,  the  word  l)eing  dt^ived 

"Studien  aus  deii  imurarisch-.siebcnbiirg'ischen  Trachytjjrobir^eii.''  Jahrb.  d. 
^•k.  geol.  Reichsanst,  1800,  p.  180.  Also.  The  Xaturar  Sv>tein  of  Volcauic 
Kocka,  San  Francisco,  1868.  p.  14. 
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from  hOo^^  a  stone,  and  <pDaa^  a  bubble.  The  term  applies 
equally  well  to  all  the  concentrically  chambered  varieties,  asmd 
may  be  extended  to  all  forms  of  hollow  spherulites. 

The  substance  of  the  lithophysae  occurring  at  Obsidian  CLiff 
is  usually  light  colored  and  distinctly  crystalline  with  a  beai».  ti- 
ful  frosted  appearance.  It  is  made  up  of  minute  crystals  ia 
well  developed  forms,  which  in  places  attain  a  consideralzale 
size,  from  1  to  2°*™.  The  minerals  recognized  are:  quartz  a- '■ad 
tridymite,  feldspar,  fayalite  and  magnetite.  The  feldspar  ja 
some  cases  has  the  crystal  habit  of  adular,  and  in  others  is  ia 
thin  tabular  crystals  with  the  simplest  combination  of  fac^^s, 
flattened  parallel  to  the  base.  They  appear  to  hold  an  anoirB*' 
lous  mineralogical  position,  being  soda-orthoclase  in  compositi^^^Q 
(Al,  Or,)  and  having  the  crystallographic  habit  of  sanidin  l>  ^^ 
an  asymmetric  optical  character.  The  fayalite  was  described 
in  this  Journal  for  July,  1885.  It  appears  to  be  identical  ^'^ 
crystal  form  with  the  mineral  occurring  in  the  lithophysae  ^ 
the  obsidian  of  Cerro  de  las  Navajas  which  was  measured  ' 
Gustav  Rose,*  and  determined  to  be  olivine  in  1827.  The  a: 
gles  and  habit  of  the  crystals  figured  by  him  are  almost  idenC^^' 
cal  wMih  those  obtained  by  Mr.  S.  L.  Penfield  from  the  fayalite  ^^ 
Obsidian  Clifl^,  and  it  is  highly  probable  that  the  mineral  dete^-^^ 
mined  by  Rose  is  also  an  iron  olivine  or  fayalite.  The  mi 
netite  occurs  as  microscopic  grains  and  crystals. 

Since  the  first  application  of  the  term  lithophysaB  to  thes^ 
hollow,  chambered  structures,  and  the  expression  of  von  Richi 
hofen's  views  as  to  their  probable  mode  of  formation,  petro 
graphers  have  discussed  their  origin,  wandering  more  or  h 
from  the  position  first  held  by  von  Richthofen,  and  it  is  with" 
the  belief  that  the  material  on  which  these  recent  observation! 
have  been  made  furnishes  better  ground  on  which  to  build 
theory  of  the  origin  of  lithophysae  than  any  heretofore  studied,^ 
that  the  writer  has  endeavored  to  throw  some  light  upon  so  ob-^ 
scure  a  subject. 

It  was  von  Richthofen'sf  opinion,  expressed  in  the  year  1860, 
that  the  concentric  shells  were  produced  while  the  rock  was  in 
a  molten  or  plastic  condition,  by  the  expansion  of  gas  bubbles 
which  were  successively  disengaged  from  certain  portions  with- 
in the  mass,  in  consequence  of  the  diminution  of  pressure 
accompanying  the  eruption  of  the  lava.  The  gases  which 
were  in  large  part  Jiqueous,  having  most  likely  been  absorbed, 
thereby  forming  a  hyd rated  glass.  He  considered  lithophysae 
as  quite  distinct  from  spherulites,  and  suggested  that  only  care- 
ful chemical  analyses  would  settle  their  true  nature. 

*  *'  Ueber  den  sogenannteD  krjstallisirteD  Obsidian."    Pogg.  Add.,  1827,  Band 
10,  pp.  323-326. 
f  Loc.  cit. 
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Six  years  later  Dr.  Joseph  Szab6*  expressed  the  opinion  that 

litbophjsdB  were  only  a  stage  in  the  mechanical  and  chemical 

alteration  of  spherulites,  the  bases  being  removed  by  chemical 

means,  the  insoluble  particles  mechanically,   and  silica  being 

conccDtrated  in  the  cavity. 

In  the  same  year  Karl  von  Hauerf  published  the  analyses 
of  four  rhyolites  and  the  lithophysaD  contained  in  them,  which 
showed  that  the  chemical  composition  of  the^  lithophysse  and 
rhyolites  were  the  same.  He  therefore  held  to  von  Richthofen's 
view  that  the  cavities  were  the  result  of  expanding  gases,  but 
tlioQght  that  these  gases  had  no  metamorphosing  action  on  the 
groundmass  of  the  rock.  Later  on  Justus  RoihJ  adopted 
Szab6's  views  and  recently  repeated  them  in  the  second  volume 
of  his  Algemeine  und  Chemische  Geologic. 

Dr. Ferdinand  Zirkel§  in  1876  described  certain  spherulites  in 
the  rocks  from  Shoshone  Mesa,  Idaho,  \vhich  "  have  developed 
by  decomposition  a  hollow  concentric  layer  structure."  These 
he  considered  the  same  as  the  lithophysaj  of  von  Richthofen 
and  that  they  in  like  manner  were  only  the  result  of  chemical 
alteration. 

Dr.  Ch.  E.  Weiss|  in  1877  suggested  that  the  cavities  of  hol- 
low spherulites  play  the  same  role  as  a  solid  body  around  which 
a  spherulite  forms,  that  the  chambered  spherulites  were 
caused  by  several  gas  bubbles  being  near  together  when  the 
spherulites  were  developed. 

Mr.Grenville  A.  J.  Cole,^  in  a  paper  recently  published,  con- 
cluded that  the  hollows  are  due  to  the  decomposition  of  solid 
spherulites  by  chemical  agents,  the  material  having  been  car- 
ried out  through  cracks  in  the  rocks. 

.  Mr.  C.  A.  Tenne,^*  in  describing  the  lithophysae  in  the  ob- 
sidian of  Cerro  de  las  Navajas,  Mexico,  says  that  the  substance 
of  the  liihophysae  must  be  devitrified  obsidian,  and  gives  chem- 
ical analyses  which  show  that  both  have  the  same  chemical 
composition. 

Mr.  Whitman  Cross,  ff  in  a  paper  "On  the  Occurrence  of  Topaz 
and  Garnet  in  Lithophysa3  of  Rhyolite  "  points  out  the  fact  that 
these  minerals  are  not  of  secondary  formation  in  the  cavities, 
but  primary,  "produced  by  sublimation  or  crystallization  from 

'  Die  Trachyte  und  Rhyolite  der  Uragebung  von  Tokaj."    Jahrb.  d.  k.  k. 
?^1;  R.-aD8t.,  1886,  p.  89. 

T"Die  Gesteine  mit  Lithophysenbildungen  von  Telki-Bauya  in  Ungarn." 
^erhandl.  d.  k.  k.  geol.,  R.-anst.,  isSG,  p.  98. 

t  ■' BeitrA«,'e  zur  Petrographie  der  plutonischen  Gostoino,  18G9,  p.  168. 

5^"Micioscopical  Petrography,"  Washington,  187G,  p.  212. 

r'Quarz  porphyron  au3  Thiiringen,"  Zeitschr.  Deutsch.  geol.  Gescllsoh.,  1877, 
^i^p.  418. 

"On  Hollow  Spherulites,"  etc.    Quart.  Journ.  Geol.  S(»c.,  May,  1885. 

**  Zeitschr.  Deutsch.  geol.  Gesellsch.,  1885,  p.  610. 

tt  This  Journal,  Junes  1886. 
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presomablj  heated  solutions,  contemporaneous  or  nearly  so 
with  the  final  consolidation  of  the  rock.  The  lithophjsal  cav- 
ities seem  plainly  caused  by  the  expansive  tendency  of  con- 
fined gases  or  vapors,  while  the  shrinkage  cracks  in  the  walls 
and  white  masses  of  the  Nathrop  rock  suggest  the  fornoer 
presence  of  moisture." 

It  is  seen  from  the  foregoing  that  two  distinct  views  of  the 
origin  of  the  cavities  within  the  lithophysse  have  been  taken ; 
one,  that  the  hollows  were  of  primary  origin,  formed  while  the 
lava  was  still  plastic,  and  were  due  to  enclosed  gases  or  vapors. 
Among  those  who  held  this  opinion  some  considered  the  lith- 
ophysss  as  wholly  distinct  irom  spherulites,  while  others 
thought  them  simply  hollow  varieties.  The  second  view  was 
that  the  hollows  had  been  produced  in  solid  spherulites  by 
chemical  decomposition  and  alteration  and  were  subsequent  to 
the  solidification  of  the  lavas  in  which  they  are  found.  With 
tho  latter  view,  wljich  may  apply  to  some  hollow  spherulites  in 
particular  cases  of  decomposed  rocks,  the  lithophysas  in  the 
obsidian  from  the  Yellowstone  National  Park  have  nothing  to 
do.  The  extreme  freshness  of  the  whole  rock  and  the  absence 
of  secondary  alteration  prevents  the  confusioft  which  arisea 
when  these  hollow  forms  are  associated  with  decomposition  pro- 
ducts or  subsequent  metamorphism,  as  is  the  case  with  many 
ancient  lavas,  or  even  with  recent  ones  which  have  been  attack&^L 
by  solfataric  or  hot  spring  agencies. 

What,   then,  from  a  study  of  this  exceptionally  fresh  ai 
beautiful  material,  seems  to  be  the  most    probable  origin 
lithophysffi,  and    how  nearly  the  writer's   views  accord   wi 
those  of  von  Richtliofen  will  appear  from  the  following  co  "x^" 
siderations. 

The  association  of  fayalite,  an  iron-olivine,  with  abunda-x~ 
quartz  and  tridymite,  and  acid  feldspar  in  a  highly  siliceoLJ  ^ 
igneous  rock,  containing  less  than  two  per  cent  of  iron  oxicl^^ 
is  quite  contrary  to  ordinary  experience  and  is  not  in  accor-^ 
with  the  generally  accepted  laws  which  appear  to  govern  th-^ 
crystallization  of  igneous  magmas.  Moreover,  two  of  the  ac=' 
companying  minerals,  prismatic  quartz  and  acid  feldspar,  har^^ 
not  been  reproduced  artificially  by  simple  igneous  fusion, 
has  been  demonstrated  by  the  repeated  experiments  of  MM. 
Fouqu6  and  Michel-L^vy,*  who,  though  successful  in  obtaining 
most  of  the  minerals  found  in  igneous  rocks,  have  failed  to  repro- 
duce by  dry  fusion  quartz,  orthoclase  and  albite  in  forms  sim- 
ilar to  those  in  which  they  are  found  in  acid  eruptive  rocks. 

On  the  other  hand  quartz,  tridymite,  orthoclase  and  albite 
have  all  been  obtained  artificially  by  aqueo-igneous  processes, 
on  heating  their  chemical  elements  in  the  presence  of  water  in 
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sealed  tubes.  The  experiments  of  MM.  Friedel  and  Sarasin,* 
upon  the  reproduction  of  orthoclase  and  albite  are  especially 
applicable  to  the  case  of  lithophysaB.  Among  the  forms  of 
orthoclase  produced  was  that  of  adular,  also  observed  in  the 
hollow  spherulites.  Along  with  orthoclase  thev  obtained  quartz 
and  at  nigher  temperatures  tridymite.  Other  experiments, 
especially  those  of  K.  von  Crustschoff,f  have  established  the 
same  relation  between  quartz  and  tridymite  when  formed  in 
closed  tubes.  Tridymite  being  produced  at  a  higher  tempera- 
ture than  quartz,  and  frequently  both  occurring  together  within 
the  same  closed  tube. 

Magnesia  olivine  and  magnetite  have  each  been  reproduced 
by  aqueo-igneous  methods,  and  fayalite  is  a  common  product  of 
puddling  furnaces.  So  that  the  group  of  minerals  xjomposing 
the  lithophysaB  in  this  obsidian  are  such  as  may  be  formed 

through  aqueo-igneous  processes. 
The  well-known  experiments  of  Daubr^4  ^^   ^^^  effect  of 

superheated  steam  on  a  glass  tube,  have  a  special  bearing  on  the 

Suestion  under  consideration.      The  glass  used    by   Daubr^e 
iffered   in  chemical  composition   from  that  of  the   obsidian, 
^^Qt  the  general   nature   of   the  results   bears  a  striking  sim- 
ilarity  to   many  characteristic  features   of   lithophyssa.      The 
Anhjrdrous  glass  was  partly  converted  into  a  hydrous  silicate, 
accompanied  by  considerable    increase  of   volume ;  part  was 
Reduced  to  a  white  mass  distinctly  fibrous  with  a  delicate  band- 
f7?S    parallel  to  the  surface  of   the  glass  tube  and  across  the 
*^^ Section  of  the  fibres.     The  surface  of  the  tube  was  in  places 
S^^i'ped,   blistered   and   excoriated,   and   often    full  of   cracks. 
"Y^^^re  was,  also,  a  delicate  foliation  parallel  to  the  surface  of 
*^   tube.     Under  the  microscope  the  altered  glass  contained 
^\ri  ute  spherulites,  microliters,  aud  small  crystals  of  pyroxene 
v^iopside),  and  larger  spherulites,  probably  chalcedony.     The 
^^^ace  of  the  glass  was  covered   with   prismatic   crystals  of 
^^artz.     The  transformation  was  wholly  produced  by  the  in- 
"^eijce  of  superheated  steam. 

In  the  case  of  the  obsidian   from  Obsidian   Clifl',  chemical 
^^alyses  show  a  loss  upon  ignition  of  0*66  per  cent.     That  this 
^oss  is  mostly  due  to  water  seems  probable  from  the  researches 
oi  MM.  Boussingault  and  Damour,  and  others,  whose  very  care- 
ful tests  have  shown  the  presence  of  water  and  a  little  chlorine 
^Ji  a  number  of  obsidians.     That  this  amount  of  volatile  matter 
IS  sufficient  to  convert  the  dense  obsidian  into  pumice  like  that 
on  the  surface  of  this  lava  flow,  is  shown   by   melting  a  frag- 

*Bull.  Soc.  Min.,  1879,  h,  p.  158,  and  1880,  iii,  p.  171  ;  also  Comptes  Roudus, 
1S81,  xciii,  p.  1374,  aud  1883,  xcvii,  p.  290.  204. 
t  Amer.  Chem.,  1883.     Also  Tscherta   miner,  u.  petrogr.  Mitth.  iv,  p.  636. 
t  Etudes  Synthetiques  de  Geologie  Kxperimentale,  1879,  p.  154  to  179. 
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ment  of  the  obsidian  in  the  flame  of  an  oxyhydrogen  blowpipe, 
when  it  becomes  a  greatly  inflated  white  glass  filled  with  gas 
bubbles  which  arise  from  the  expansion  of  the  liberated  vapors. 
This  shows  that  the  gases  which  escaped  at  the  surface  with 
the  formation  of  pumice  were  imprisoned  in  the  dense  obsidian 
which  solidified  lower  down  in  the  mass.  As  already  stated, 
the  larger  spheriilites  are  filled  with  multitudes  of  gas  cavities 
recognizable  under  the  microscope. 

These   vapors  were,  undoubtedly,  absorbed  by   the  molten 
lava  before  its  eruption,  and  were  the  only  gases  which  may  have 
taken  part  in  the  production  of  lithophysse,  for  chemical  analy- 
ses of  the  obsidian,  spherulites  and  lithophyssB  show  that  thej 
have  essentially  the  same  chemical  composition.     The  analyses 
o(  spherulites  and  lithophysae  which  occurred  isolated  in  dense, 
unfractured  obsidian  are  enough  alike  to  be  duplicates.     The 
composition  of  both  being  the  same,  the  transiorn\ation  of  a 
spherulite  into  a  lithophysa,  can  only  be  a  modification  of  its 
structure  or  a  rearrangement  of  its  minerals  without  any  chem- 
ical addition  or  loss.     Moreover,  it  is  evident  that  such  a  tmna- 
formation    was   in    many   cases  effected    by  agencies   entirely 
within  the  area  of  the  lithophysce,  for  they  often  occur  isolated 
in  the  dense  obsidian  having  no  connection  with  other  cavities 
or  sources  of  vapor. 

The  change  took  place  before  the  surrounding  matrix  ha-<3 
solidified,  for  in  some  instances  the  lithophysro  have  beew 
crushed,  probably  from  a  change  of  equilibrium  in  the  lava,  a».  ^ 
the  plastic  matrix  has  been  forced  part  way  into  the  cavity 
the  lithophysa,  which  indicates  that  the  matrix  was  still  visco 
and  at  a  high  temperature  when  the  modification  of  the  sphered 
lite  took  place.  And  finally,  though  the  matrix  was  plastic  ^^ 
tlie  time  of  the  formation  of  the  cavities  of  lithophysse  the  lit^ 
eration  of  gases  did  not  expand  or  distend  the  substance  so  a — 
to  form  the  concentric  shells,  for  where  a  lamination  is  presen-^ 
in  the  matrix  it  is  also  seen  traversing  the  shells  of  a  lithophys^^- 
without  change  of  direction. 

From  the  foregoing  it  seems  reasonable  to  infer  that  thes^ 
lithophysae,  composed  of  prismatic  quartz,  tridymite,  soda^ 
orthoclase,  fayalite  and  magnetite,  are  of  aqueo-igneous  origin^  an^ 
have  been  produced  by  the  action  of  the  absorbed  gases  upon  tK^ 
molion  glass  from  which  they  were  liberated  during  the  crystallized 
tion  consequent  upon  cooling. 

Instances  where  the  layers  of  thinly  laminated  rock  arcP 
over  hollow  lithophysse  and  seem  to  have  been  pushed  bacltf 
by  expanding  gases,  to  which  von  Richthofen  calls  attentionC^ 
are  more  probably  slight  flexures  in  the  layers  of  the  rocC^ 
which  have  occasioned  local  relief  of  pressure  and  the  disec^ 
gagement  of  vapors  which  might  give  rise  to  the  lithophysa 
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tkkTiXi  the  result  of  the  expansion  of  such  vapors.     For  the  field 

St,  udj  of  ihe  rock  at  Obsidian  Cliff  shows  that  in  places  it  was 

so    stiff  and  viscous  before  coming  to  its  final  rest  that  some 

i^3rers  which  were  pulled  apart  in  descending  the  underlying 

sl<z>pe  never  closed  together  again.     Hence  it  is  likely  that  local 

imrM  ^jqualities  of  pressure  might  be  brought  about  by  the  crump- 

li  'xr^q^  of  so  viscous  a  lava. 

We  may  imagine  the  process  of  formation  of  a  lithopliysa  to 
li  ^^  ve  been  somewhat  as  follows :     In  the  still  plastic  glass  from 
a.        center  of  crystallization  a  multitude  of  incipient  microlites 
o  tf"    feldspar  radiated  through  a  sphere  of  glass.     As  these  anhy- 
i  »"oiis  microlites  increased  in  size  the  nature  of  ihe  cementing 
ste  was  changed.     Being  impoverished  of  alumina  and  alka- 
^,  it  became  more  siliceous  and  relatively   more  hyd rated, 
point  was  reached  where  the  absorbed  vapors  could  no  longer 
\>^  retained  in  combination,  but  were  released  in  innumerable 
l>xxbbles  which  were  either  uniformly  disseminated  through  the 
p^sie  or  aggregated  into  larger  bubbles.     The  gas  thus  libera- 
t^c3  acted  as  superheated  steam  and  eventually   produced  the 
s^^paration  and" crystallization  of  all  the  elements  of  the  original 
si:>liereof  plastic  glass.     Before  the  final  crystallization  of  the 
f>^ste  when  the  hydrated  glass  gave  up  its  combined  vapors 
ax:i<l  became  anhydrous,  it  shrank  in  consequence  of  the  reduc- 
tion of  volume  and  produced  in  some  cases  the  cracks  so  fre- 
^  vicntly  observed.     That  these  cracks  were  formed  before  the 
fix:ial  crystallization  of   the  cementing  paste  is  shown  by  the 
imposition  on  their  walls  of  crystals  of  quartz,  tridytnite  and 
f'^yaliie.    The  conditions  which  produce  a  concentrically  banded 
st.ructure  in  some  solid  spherulitas  are  most  likely  the  same  as 
those  which  lead  to  the  formation  of  concentric  shells  in  many 
litbophysae.     It  is  evident  that  the  development  of  lithophysaB 
\^  a  lava  will  depend  upon  a  number  of  conditions  both  chem- 
i<ial  and  physical,  the  discussion  of  which  is  omitted  from  this 
paper. 

Laminaied  structure, — The  lithoidal  portion  of  the  obsidian 
flow  which  forms  Obsidian  Cliff  is  beautifully  laminated  in 
^hin  layers  of  light  and  dark  shades  of  a  purplish  gray  color, 
^hich  differ  in  their  relative  dcnseness  and  degrees  of  crystalli- 
sation. The  more  crystalline  layers  are  full  of  minute  cavities 
fnd  thus  become  planes  of  weakness  in  the  rock,  which  splits 
^Qiothin  plates,  often  not  more  than  j\  of  an  inch  thick.  So 
^uatthe  lithoidal  rock  is  traversed  by  a  multitude  of  nearly 
horizontal  cracks  which  follow  the  planes  of  flow  through  all 
^heir  contortions.  It  is  this  inherent  lamination  or  laver  struc- 
ipre,  so  commonly  observed  in  the  more  acid  lavas  and  espe- 
cially the  rhyolites  of  the  Yellowstone  National  Park,  which 
was  alluded  to  in  the  paper  on  columnar  structure  published  in 
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this  Journal  in  May,  1886  (page  825.)  It  was  there  considered 
to  be  of  diflferent  origin  from  the  tabular  parting  prodoced  bj 
rapid  cooling  near  the  surface  of  a  body  of  molten  rock. 

The  origin  of  the  more  general  lamination  which  in  one  forn 
or  another  usually  extends  throughout  the  whole  mass  of  man] 
lava  flows  will  be  readily  understood  from  the  following: 

In  a  fluid  free  to  flow  over  a  horizontal  surface  the  movemen 
of  its  molecules  will  meet  with  least  resistance  in  direction! 
parallel  to  the  plane  of  that  surface,  the  fluid  will  therefon 
spread  horizontally,  and  its  molecules  will  move  in  plane 
parallel  to  the  underlying  surface.  Particles  suspended  in  th( 
fluid  will  be  carried  along  these  planes,  and  portions  of  th< 
fluid  which  contain  different  amounts  or  different  kinds  of  sus 
pended  matter  will  be  spread  out  in  layers  along  these  planes  o 
flow. 

In  volcanic  lavas  the  production  of  such  layers  will  depenc 
on  the  lack  of  homogeneity  and  viscosity  of  the  magma,  an( 
the  distance  over  which  the  lava  flows.  The  more  basic  lava 
are  usually  more  liquid  and  consequently  more  homogencou! 
at  the  time  of  eruption,  and  bhow  little  if  any  signs  of  layer 
structure  in  the  solidified  rock.  But  acid  lavas  such  as  rhyoliu 
appear  to  be  more  viscous  and  less  homogeneous  when  erupted 
and  slight  variations  in  the  consistency  or  composition  of  the 
mass  show  themselves  as  bands  and  streaks  of  colors  or  as  lay 
ers  of  differing  miciostruciure  and  degree  of  crystallization 
These  layers  of  different  consistency  were  probably  lenticula: 
or  quite  irregularly  shaped  portions  of  the  magma  near  thi 
place  of  its  eruption,  and  are  more  perfectly  and  thinly  laminOi 
ted  the  farther  from  the  source. 

The  nature  and  cause  of  such  local  differences  in  the  magmi 
is  suggested  by  a  consideration  of  the  structure  of  the  varioui 
layers  of  the  rock  forming  Obsidian  Cliff*.  The  lithoidal  rocl 
presents  layers  which  differ  in  their  degree  of  crystallization 
some  being  wholly  uncrystallized  and  glassy.  Some  are  finelj 
spherulitic,  others  coarsely  so  and  porous;  and  others  are  quite 
granular  and  full  of  cavities.  In  the  obsidian  the  difiFerencet 
find  expression  in  layers  of  spherulites,  and  bands  of  liiho 
phys^e;  in  layers  more  or  less  rich  in  granophyre  feldspars 
microspherulites,  microlites  and  trichites;  that  is,  in  the  dif 
ferent  phases  and  amount  of  crystallization  developed.  Neare: 
the  surface  of  the  obsidian  flow  there  is  less  crystallization 
but  the  lamination  of  the  rock  is  quite  as  noticeable  in  th< 
more  marked  differences  in  the  amount  of  microlites  in  th< 
various  layers  and  in  the  abundance  of  gas  cavities  which  pro 
duce  alternating  bands  of  vesicular  and  dense  glass  and  pumice 
While  at  the  surface  of  the  fl9W  the  whole  rock  is  openly  pu 
miceous. 
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From  the  different  extent  to  which  the  various  layers  of  this 
glassy  rock  have  been  inflated  by  the  expansion  of  gas  near 
the  surface  of  the  flow  it  is  evident  that  there  was  a  difference 
in  the  amount  of  vapors  previously  absorbed  by  these  layers. 
And  from  the  part  which  superheated  water  has  undoubtedly 
plajed  in  the  development  of  lithophysse  and  the  larger,  po- 
rous spherulites,  and  from  the  aqueo-igneous  conditions  deemed 
necessary  for  the  production  of  the  granophyre  groups  of  quartz 
^nd  feldspar,  it  seems  highly  probable  that  tlie  differences  in 
^^sistmcy  and  in  the  phases  of  crystallization  producing  the  lam- 
^^aiion  of  this  rock  were  directly  due  to  Oie  amount  of  vapors  ab- 
*f>rbed  in  the  various  layers  of  the  lava  and  to  their  mineralizing 
^^fiuence. 


•^Ht.  V. — The  latest    Volcanic  Eruption  in  Northern  California 
and  its  peculiar  Lava ;  by  J.  S.  Dillkr. 

^.  In  making  a  geological  survey  of  the  northern  terminus  of  the' 
^\^rra  Nevada  range  in  California,  u rider  the  direction  of  Cap- 
^iti  C.  E.  Dutton,  to  determine  its  relations  to  the  volcanic  phe- 
^^tnena  farther  northward,  several  opportuniiien  were  afforded 
^  visit  and  study  the  phenomena  resulting  from  the  latest  vol- 
^Ciic  outburst  in  that  region.  It  occurred  at  a  place  which  is 
li^?^  pretty  well  known  in  that  part  of  the  world  as  "The 
^itider  Cone"  near  Snag  Lake,  about  ten  i/jiIt-j  northea«t  of 
^^ssen  Peak,  in  Northern  California.  The  rj';wr.e?»Ji  of  all  the 
Pnenomena  connected  with  this  volcanic  erupiio',  ;?  i^i  striking 
^hen  compared  with  those  of  other  outbur^u  in  the  name 
vicinity  that  many  of  the  country  peo[)le  and  U^jr.nm  are  led 
Annually  to  visit  the  locality,  but  until  rwently  it  ria>  not  V^een 
^^refully  investigated. 

.     The  Cinder  Cone  is  a  remarkably  regular  iruijCuxM  ^:one  ri«- 

^^g  about  six  hundred  and  twenty  feet  above  ilje  V/w^-jii  jx^rtion 

^f  its  base,  and  is  composed  almost  exclusively  of  ijrnalj  scoria 

^nd  lapilli.     Its  slopes  are  from  30"^  to  35'^  juut  a«  »t^;p  a-?  it  is 

possible  for  such   material  to  lie.     Tlie  on^'iunl  form  of  t:.e 

crater,  which  is  marked  by  a  pit  over  two  hundr^  feet  ^i^:^:  iz. 

tbe  summit  of    the  cone,   is  perfectly  yren^tvtfL       \'\/j:,  :*^ 

barren  slopes  the  only  vegetation  seen  is  onfr  imaM  b'/-^.  \z\ 

within  the  crater  rim  hidden  from  general  vi*ri»,  ih^r*:ar-:  l  f-r-r 

pines  whose  trunks  are  several  inches  in  di^fnet^. 

The  lava  field  resembles  an  immense  ViW.mt  itUtx.*i  :/.  -.  :-:t- 
^nng  an  area  of  about  tljree  square  mileK-  aiyl  tiAur^  \-  'Z  iZ 
8i<ie8  with  steep  slopes  like  a  terrace  firer  i  nrj fid rV/ff^iC  ^ 
l^eight.    Its  surface,  although  champmfm^  b  extrer/.e-T  -; 
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_.^  regarded  :  (1)  as  remnants  of  the  rock  from  which  the 

^"Joiay  have  been  derived  deep  in  the  earth  by  fusion ;  (2) 

-lusions  picked  up  by  the  lava  on  its  way  to  the  surface 

'.  .   lime  oi  the  eruption;   (8)  as  crystallizations  from  the 

a  itself;  (4)  as  of  secondary  origin  derived  by  the  altera- 

r  other  minerals. 

•  absolutely  fresh  unaltered  condition  of  the  basalt  for- 
the  belief  that  the  quartz  is  of  secondary  origin  and  the 
cter  of  the  quartz  is  such  as  to  render  equally  untenable 
view  which  regards  it  as  a  remnant  of  the  original  rock 
,j        '  which  the  basalt  may  have  been  derived  by  fusion.     So 
i*       'lave  left  to  determine  whether  the  quartz  grains  are  indu- 
cer secretions. 

lie  fractures  in  the  quartz  grains  and  the  border  of  glass 

pyroxene  by  which  they  are  surrounded  have  been  con- 

.  red  characteristic  of  quartz  inclusions,   but  in   fact  such 

uomena  are  equally  common  to  some  other  minerals  which 

universally  regarded  as  early  secretions  in  the  magma.    The 

^Ttz  always  occurs    without    well   defined  crystallographic 

'  n  in  clear,  vitreous,  roundly -corroded  grains  just  as  in  some 

the  more  acid  porphyritic  rocks  where  all  observers  agree 

vt  it  18  indigenous  to  the  lava.     If  the  quartz  grains  are  re- 

▼"ded  as  inclusions  and  we  consider  their  multitude  we  would 

peel  to  find  a  greater  range  in  their  size  and  in  the  kind  of 

'eluded  material.     Fragments  of  any  other  sort  in  the  basalt 

ivebeen  diligently  sou^^ht  for  in  vain.     These  considerations 

nd  much  support  to  the  view  which  conceives  the  quartz  to 

-    an  early  secretion   in  tlio  magma,  but  a  more  impressive 

^goment  in   its  favor  is  based  upon  the  uniform  distribution 

^  the  quartz  grains  throughout  the  entire  mass  of  the  lava 

aoloding  all  its  fragmental  forms.     It  is  as  intimately  inter- 

aiQgled  with  the  other  constituents  of  the  basalt  as  the  feld- 

^PWand  the  olivine,  only  somewhat  less  abundantly.     To  fully 

appreciate  this  fact  the  basalt  must  be  examined  in  the  field 

^oere  it  appears  impossible  to  explain  the  omnipresence  of  the 

^Oftrtz  satisfactorily  on  aiiy  other  supposition  than  that  itorigi- 

J**«d  in  the  magma  itself.     We  must  bear  irt  mind  also  that 

*^  particular  basalt  was  very  viscous  and  stiff  at  the  time  of 

^  eruption,  so  that  it  broke  up  and  shoved  along  over  the  sur- 

2^  as  a  great  pile  of  stones.     On  account  of  the  high  degree 

^^viscosity,  inclusions  would   be  found   only  in    the  basalt 

Vich  came  up  very  close  to  the  side  of  the  volcanic  chimney 

?/*  they  would  not  spread  into  other  parts  of  the  lava.     Of 

r^*  I  was  fully  convinced  by  an  examination  of  the  volcanic 

rSj^ka  near  Mi.  Taylor  in  New  Mexico.     They  are  of  basalt, 

^l^^^rti  at  the  time  of  its  eruption  was  apparently  more  liquid 

^^'^   that  containing  the  quartz  at  the  Cinder  Cone  near  Snag 
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Lake.  Before  reaching  the  surfaqe  the  basalt  of  the  necks 
traversed  several  thousand  feet  of  horizontal  shales  and  sand- 
stones which  in  some  places  are  so  friable  as  to  easily  crumble 
in  the  hand.  A  more  favorable  opportunity  than  this  cannot 
be  imagined  for  the  basalt  at  the  time  of  its  extrusion  to  be- 
come thoroughly  impregnated  with  grains  of  sand.  Neverthe- 
less no  trace  of  quartz  grains  or  small  fragments  of  sandstone 
is  found  a  short  distance  inside  of  the  boundary  of  the  neck. 

The  abundance  of  the  quartz  grains  in  the  large  volcanic 
bombs  is  a  fact  of  special  significance.  It  is  evident  that  at 
the  time  of  the  eruption  the  bombs  were  thrown  up  into  the 
air  and  falling  upon  the  steep  slopes  of  the  Cinder  Uone  they 
tumbled  to  its  base,  where  they  collected  in  great  numbers. 
The  bombs  vary  in  size  from  half  a  dozen  inches  to  over  eight 
feet  in  diameter.  They  are  nearly  round,  and  toward  the 
center  are  very  compact  and  jointed  frequently  in  such  a  man- 
ner that  the  fissures  radiate  from  the  center  of  the  bomb.  The 
surface  is  rough,  often  vesicular  and  pumiceous.  If  the  bombs 
had  been  soft  at  the  time  of  their  ejection  as  is  frequently  the 
case,  they  would  have  flattened  out  when  they  struck  th 
ground,  but  from  the  fact  that  they  remained  round  it  may 
inferred  that  they  were  already  solid  at  the  time  of  the  erup — 

tion,  having  previously  floated  around  as  clots  in  the  magma 

These  bombs  are  undoubtedly  the  oldest  portion  of  the  lava-^ 
having  solidified  previous  to  the  eruption  or  in  its  earlies  — 
stage,  before  the  magma  in  which  they  were  suspended  reache^» 
the  surface.  The  fact  that  the  grains  and  lumps  of  quartz  ar  — 
abundant  to  the  very  center  of  the  largest  bombs  demonstra 
that  they  are  early  secretions  from  the  magma  at  a  time  whe 
it  was  under  enormous  pressure.  During  the  eruption  t 
pressure  was  relieved  and  the  consequent  conditions  of  sol 
bility  changed,  so  that  the  quartz  secretions,  like  those  of  t" 
more  acid  lavas,  were  partially  redissolved  or  fused,  giving  ni 
to  the  zone  of  glass  and  pyroxene  by  which  the  quartz  is  su 
rounded. 

The  quartz  basalt  is  younger  than  any  of  the  many  basal 
about  it.     There  are  numerous  cinder  cones  and  recent  flo 
of  basalt  upon  all  sides  of  the  one  under  consideration^  a 
yet,  although  they  were  extravasated  through  the  same  form 
tions  and  under  the  same  conditions  as  the  quartz  basalt,  th 
contain  no  quartz.     This  fact  indicates  clearly  that  the  sou 
of  the  quartz  is  to  be  found  in  that  of  the  basalt  itself. 

Until  recently  I  had  supposed  that  there  was  only  one  1 
ity  of  quartz  basalt  in  that  region,  but  later  investigations 
the  field  have  discovered  another  near  Silver  Lake,  twenty-fi 
miles  northwest  of  Lassen  Peak,  about  an  entirely  distinct  v 
canic  center.     It  has  all  the  peculiar  features  of   the  qua 
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basalt  at  the  Cinder  Cone  and  like  it  is  the  yoangest  lava  of 
that  vicinity. 

Oraios  of  quartz  nave  been  noticed  by  other  observers  in 
basalts  from  various  parts  of  the  world,  but  they  have  been 
almost  invariably  considered  to  be  inclusions  of  entirely  for- 
eign quartz  picked  up  at  the  time  of  the  eruption. 

The  great  difficulty  which  has  stood  in  the  way  of  consider- 
ing the  quartz  as  indigenous  to  the  basalt  is  of  a  chemical 
nature,  and  on  account  of  it,  petrographers  generally  are  disin- 
clined to  admit  that  it  is  possible  for  quartz  to  crystallize  in  a 
magma  which  yields  olivine.  It  must  oe  borne  in  mind,  how- 
ever, that  the  quartz  and  the  olivine  did  not  crystallize  syn- 
chronoQsly  nor  under  the  same  conditions.  The  quartz  is 
older  than  the  olivine  and  crystallized  under  great  pressure  far 
beneath  the  surface  in  that  region  where  the  conditions  of  phys- 
ical and  chemic  equilibrium  are  as  yet  so  largely  conjectural. 
The  crystallization  of  the  olivine  was  rendered  possible  by  the 
earlier  secretion  of  free  silica. 

Chemical  Analysis  of  quartz  basalt  from  the  Cinder  Cone. 

SiO, 67-25 

TiO 0-60 

Al,0, 16-46 

Fe,0, 1-67 

FeO 4-72 

MnO 0-10 

CaO 7-66 

SrO trace 

BaO 0-00 

MgO ..  6-74 

K,0 1-67 

Na,0 3-00 

Li,0 000 

H.O 0-40 

P,0, 0-20 

100-35 

The  accompanying  chemical  analysis  of  the  quartz  basalt 
from  the  Cinder  Cone  near  Snag  Lake  has  been  made  for  me 
in  the  labo  atory  of  the  TJ.  S.  Geological  Survey  by  W.  F. 
Hillebrand.x  The  high  percentages  of  silica  and  magnesia  are 
to  be  noticed  in  connection  with  the  low  percentages  of  the 
oxides  of  iron. 

Corroded  quartz  is  abundant  in  the  quartz  porphyries  and 
rhjolites,  less  abundant  in  the  andesites  and  rare  in  the  basalts, 
nevertheless  its  presence  is  an  essential  feature  of  the  basalt  in 
which  it  occurs  and  may  be  used  as  one  of  the  means  of  dis- 

Am.  Jour.  Scl— Third  Series,  Vol.  XXXin,  No.  193.— January,  1887. 
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tinguishing  certain  lavas  as  quartz-basalts,  just  as  it  is  used  i 
other  cases  to  characterize  quartz  andesitat.    The  separation 
the  basalts  into  ordinary  basalts  and  quartz  basalts  is  not 
purely  mineralogical  classification  but  is  founded  upon  the 
chemical  composition   as  well  as  upon  their  genetic  relatio 
expressed  in  their  natural  order  of  eruption — the  quartz  basal 
in  every  case  known  being  younger  than  the  other  basalts 
the   same   region  just   as   the   quartz   andesites   (dacites)  a 
younger  than  the  other  andesites  of  the  same  volcanic  cent^ 

Petrol.  Lab.  U.  S.  Geol.  Survey,  Washington,  D.  C,  Nov.  19,  1886. 


Art.   VI. — The   Texture  of  Massive  Rocks ;   by  George 

Becker. 

An  opinion  has  been  gaining  ground  among  geologists  for 
some  years  past,  that  the  principal  diflFerences  in  the  texture 
of  massive  rocks  are  due  to  diflFerences  in  the  rate  of  cooling 
and  differences  in  the  pressure  under  which  the  masses  have 
consolidated.     That  slow  cooling  will  convert  into  a  partially 
crystalline  mass  a  magma  which,  if  rapidly  chilled,  would  re- 
main substantially  in  the  form  of  glass  is  known  experimentally* 
and  observations  on  volcanic  flows  are  accordant  with  exper- 
iment ;  for  it  is  certain  that  glass  is  often  abundant  at  the  sur- 
face of  lava  streams  and  that  it  is  chiefly  confined  to  moderate 
distances  from  the  original  surfaces  of  eruptive  masses,  although 
minute  particles  of  glass  may  frequently  be  found  at  consider- 
able depths.     II  may  readily  be  granted,  that  at  a  suflScient 
depth  all  trace  of  glass  would  disappear;  or  that  an  ordinaryt 
homogeneous,  eruptive  magma  may  be  cooled  so  slowly  ao^ 
under  such    pressures  as  to  yield  a  holocrystalline  produo^ 
Whether  or  not  the  pressure  is  influential  in  this  respect    i^ 
questionable. 

It  is  supposed  to  be  a  mere  extension  of  this  thesis  to  mai^^' 
tain  that  the  difference  between  porphyritic  structure  andgra^^' 
ular  structure  is  due  to  a  similar  difference  in  the  physical  co^^* 
ditions  to  which  the  fluid  magma  has  been  subjected.    Tfc^® 
inference  has  thus  been  drawn,  that  if  the  material  constitutic^  ^ 
a  given  holocrystalline  porphyry  had  been  cooled  sufl&cientS-^ 
slowly  and   under  sufl&cient  pressure,  it  would  have  assum^^ 
the  granular  structure  of  tj^pical  granite  or  diorite. 

This  appears  to  me  to  be  a  wholly  different  and  almost 
unrelated  proposition  rather  than  a  legitimate  extension  of 
preceding.     The  immediate  origin  of  granular  structure  is  tl 

*  The  best  example  is  perhaps  "basaltified  "  iron  blast-furnace  slag,  which 
been  used  to  a  large  extent  for  street  pavements. 
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multaneous  development  of  different  crystalline  grains,  each 
oF  which,  as  it  increases  in  size,  interferes  with  the  growth  of 
orlers.    A  porphyry,  on  the  other  hand,  is  produced  when  only 
<ynt  or  two  minerals,  crystallize  from  a  homogeneous  fluid  in 
advance  of  the  remainder  and  individual  crystals  of  these  favor- 
ed species  are  afforded  an  opportunity  to  reach  a  comparatively 
large  size  and  a  good  crystal lographic  development.     Porphy- 
ritic  structure  is  thus  certainly  due  to.what  cheftiists  would  call 
**  fractional  "  crystallization.     Granting   that  a  given  homoge- 
neous fluid  may  be  cooled  so  slowly  and  under  such  pressures 
as  to  yield  a  holocrystalline  porphyritic  product,  it  certainly 
^oes  not  follow  as  a  matter  of  logic,  that  if  it  were  cooled  still 
'JJc>re  slowly  and  under  a  still  greater  pressure,  the  various  ulti- 
fiiatje  compounds  would  crystallize  simultaneously.      Neither 
doe3  this  conclusion  follow  as  a  matter  of  chemical  or  physical 
theory.     The  solidification  of  minerals  must  proceed,  as  I  have 
sho^n  in  a  former  paper,*  in  obedience  to  the  principle  that 
the     particular  compound,  the  formation  of  ^hich  in  the  solid 
state  liberates  heat  at  the  highest  rate,  will  be  the  first  to  se^- 
arat;c.    Now  it  is  certain  that,  in  general,  the  formation  of  dif- 
feroiit  solid  compounds  is  attended  by  the  liberation  of  heat  at 
"iftferent  rates;  and  the  more  slowly  the  conditions  change  the 
D^oj^e  perfect  will  be  the  divisions  between  the  intervals  of  time 
^*^ing  which  different  compounds  will  be  precipitated.     If  a 
Ctt^mist  desires  to  separate  salts  by  partial  crystallization,  he 
^^11  cool  or  evaporate  his  solutions  as  slowly  as  possible.     It 
tWOvild  thus  appear  both  from  experiment  and  from  theory  that 
^^  ^  homogeneous  eruptive  magma  were  cooled  very  slowly  in- 
^^^d,  one  or  two  minerals  would  be  most  likely  to  crystallize 
^^   first,  or  early  in  the  process,  and  to  attain  good  crystallo- 
8^*^81  phic  development ;  that  if  these  minerals  constitute  a  fairly 
^^*Tge  portion  of  the  mass,  they  would  eventually  build  up  a 
''^mework  full  of  interstices;  that  as  the  solidification  proceed- 
^   beyond    this  point  and  other  compounds  crystallized  out, 
^a^e  could    no    longer  develop  symmetrically  but   must   be 
^^ppled  by  the  interference  of  earlier  crystals  and  by  mutual 
opposition.     In  short  one  would  expect  to  obtain  a  holocrys- 
^lline  porphyry  as  the  product  of  a  homogeneous  fluid  glass 
slov^ly  cooled. 

Geological  observations  bearing  upon  this  subject  are  readily 
accessible.  Every  microscopical  lithologist  knows  that  some 
^itierals  show  the  clearest  evidence  of  early  separation  from 
^*^Ptive  magmas,  being  imbedded  in  other  crystals ;  and  that 
such  minerals,  for  example  apatites,  are  very  usually  well-de- 
veloped crystals;  indeed  irregular  crystalline  grains  of  apatites 
*re  very  rare  in  lavas.     Eruptive  magmas  do  then  separate  out 

*  A  new  liHW  of  Thermochemistry,  this  Journal,  1886,  vol,  xxxi,  p.  120. 
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some  minerals  before  others  (**  crystals  of  primary  conso 
tion,"  as  they  are  called  by  Messrs.  Fouqu6  and  Michel  L( 
and  the  earliest  of  these  crystals  have  good  crystallographic 
velopment.  Eruptive  magmas  thus  obey  a  similar  law  to 
observed  experimentally  in  artificial  fluids.  It  is  usaallj 
cepted  that  many  of  the  crystals  of  primary  consolidation! 
formed  prior  to  the  eruption  of  lavas ;  indeed  I  cannot  rer 
ber  to  have  seen  this  aenied,  and  yet  it  may  be  advisab 
dwell  somewhat  upon  the  evidence  of  the  fact. 

Darwin,*  Mr.  Clarence  King  f  ^^^  others  before  them 
observed  that  when  small  brandies  are  thrown  out  from 
streams  of  active  volcanos  and  rapidly  chilled,  crystals  of 
spar  and  augite  are  found  accumulated  at  the  lower  sur 
while  the  upper  portions  consist  ot  nearly  pure  isotropic  g 
It  is  substantially  certain  that  these  crystals  cannot  have  f 
ed  during  the  short  interval  elapsing  between  the  rise  of 
material  to  the  surface  and  the  moment  of  complete  conso 
tion.    Hence  the  crystals  must  have  been  suspended  in  the 
as  it  came  to  the  surface  and   must  have  formed  at  a  dist 
from  the  surface  which  is  to  be  measured  by  miles.     The; 
also  other  evidence  nearlyor  quite  as  strong.     Near  the  ( 
stock  I  found  (in  a  slide)  a  crystal  of  hornblende,  bounde 
all  sides  but  one  by  sharp  crystallographic  outlines.     Th 
maining  side  appeared  to  represent  a  fractured  or  rather 
surface,  about  one-half  of  the  cross  section  of  the  prism  b 
gone.:]:      This   fractured   crystal  is  solidly   imbedded   in 
groundmass  of  the  rock,  and  the  fracture  must  conseque 
have  taken  place  while  the  groundmass  was  still  fluid, 
almost  or  quite  impossible  to  suppose  any  conditions  ui 
which  this  crystal  can  have  been  broken  excepting  those  att 
ing  the  actual  rush  of  the  lava  from  a  profound  depth  tc 
surface.     Hence  it  is  as  nearly  certain   as  possible  that 
hornblende  must  have  formed   before  eruption  and  under 
pressure  of  miles  of  rock.§     The  fact  that  "flow  structure 
common  immediately    about  porphyritic  crystals  in    eruj 
rocks,  is  by  itself  almost  sufl&cient  to  show  that  the  forme 
of  these  crystals  antedates  eruption.     The  larger  the  crysta 
primary  consolidation  the  less  probable  it  is  that  they  ^ 
formed  after  the  eruption  of  a  porphyry.     In  the  Washoe 
trict  there  is  an  area  of  hornblende  andesite  in  which  the  : 
is  studded   with    unusually   large  and  very   finely  deveh 
hornblendes.!     An  immense  number  of  these  are  an  inch 


♦  Volcanic  Islands,  chap.  VI.  t  Systematic  Geology,  p.  7 

t  Geology  of  the  Comstock  Lode,  p.  59  and  Plate  III.     The  double  blacl 
der  shows  clearly  that  the  crystal  must  have  been  split. 
§  Others  have  also  observed  fractured  or  bent  crystals  in  lavas. 
I  Geology  of  the  Comstock  Lode,  p.  67. 
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lionately  thick,  vhile  I  found  one 
ingtb  and  about  three-quarters  of  ao 
ns  unnecessary  to  insist  that  crystals 
IB  formed  after  ejection.  The  ground- 
uot  difl'er  essentially  Trom  that  of  an 


IjEid  remained  in  its  original  position 
l'"  surface  and  under  the  pressure  of 
lare  inch  until,  by  gradual  refriger- 
■i^.itnesolid.     There  would  probably 
*,  or  ilie  mass  would   have  become 
;  iii'ierstices  between  the  hornblendes 
iriiiK.Tftls,  and  after  a  certain  jiortion 
nc;  solid,  ilie  growing  crystala  must 
liil  interference  and  the  opposition 
I  tUl.t.     In  short  it  is  not  |)ossible 
-Loundniiisfl  s'^mild  have  been  en- 
;  I'ock  liail  coaiid  at  an  irnpercep- 
iL.|nii4  pressure,  it  would  still  have 
1  lock  of  grntiiioid  structure. 
I   1  be  indefinitely  adduced  and  ii  is 
ist.     It  appears  to  inc  to  lead  inev- 
it   [lorphyries  may  be  fonneil  from 
:ii  pressure  however  great,  and  at 
never  so  small  a  rati'.      If  ^o,  the 
uctural  typo  of  firaiiite  from  homo- 
represent  only  extreme  and  highly 
IS  neutral  chemical  equilibrium, 
ills  of  those  attending  the  con.soli- 
lagniasf  are  present  in  sodimentury 
[llization   a.t   a   feature   of    metanior- 
imposition  of  a  aediinentary  roi-k  nsu- 
leter  to  millimeter.     If  it  is  permeated 
fluid,  the  reaction   which  will   liberate 
js  with  the  localily  as  rapidly  as   the 
numerable  centers  of  ii  whole  range  of 
teou.sly  estalilislied,  a  number  of  minerals 
reactions  begins  to  cry.stiillizc  at  once,  nnd 
,  as  a  rule,  an   opportunity  to  exhaust  ihe 
it  is  built  iin  before  it  is  interfered  with  by 
mong  metamorphic  crystalline  rocks  a  firanular 
tlie  rule  and  a  porphyritic  structure  should 
_  lions.    This  iaof  course  true.    The  common- 
on  is  in  the  ca^e  of  garnet  and  is  duo  to  the 
flt  possesses  to  an  unusual  dcgreeof  including 
irial.     There  are  cases  however  which  I  have 
in  which  a  metamorphic  mass  for  a.  few  cubic 
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inches  possesses  as  good  a  porphyritic  structure  as  a  true  erup^  - 
tiye  rock,  just  as  granular  patches  may  sometimes  be  found  iK=a 
typical  porphyries. 

It  would  appear  then  that  a  porphyritic  structure  should  b^ 
the  rule  among  rocks  which  have  attained  a  high  degree  of 
fluidity,  while  agranular  structure  should  be  characteristic  of 
metamorphic  rocks.  So  far  as  geologists  are  fully  agreed,  this 
is  true,  for  opinions  are  divided  as  to  the  origin  of  granite  and 
allied  rocka 

Many  geologists,  and  lam  among  the  number,  do  not  ques- 
tion that  there  are  both  eruptive  and  metamorphic  granites^ 
diorites  and  diabases.     If  this  is  granted,  or  assumed  lo  be  tru^ 
for  the  sake  of  argument,  either  the  intrusive,  granular  rocks  of 
,  typical  habitus  have  been  as  fluid  as  lavas,  and  therefore  rep- 
resent the  extreme  case  in  which  various  reactions  liberate  heat; 
at  exactly  the  same  rate;  or  else,  like  the  metamorphic  rock», 
sometimes  quite  indistinguishable  from  tbem,  they  have  never 
been  sufficiently  fluid  to  reach  substantial  homogeneity.    O  i 
these  two  suppositions  the  former  seems  very  improbable,  b< 
cause  granular  rocks  are  not  exceptionally  rare  and  must  hav 
been  formed  under  widely  prevailing  conditions     The  alternci 
tive  supposition,  that  granular  rocks  as  a  whole  have  nev^r 
been  thoroughly  fluid,  does  not  represent  a  strange  chemic^».l 
equilibrium  and  is  not  (i  priori  improbable. 

The  rapid  variation  in  texture  and  mineral  composition 
many  granites  is  familiar  to  all  geologists  and  they  can  dra. 
their  own  conclusions  from   the  evidence  which  this  rock  pr^* 
sents  as  to  the  former  fluidity  of  the  granitic  magma.     Scheer^r 
and  others  long  ago  maintained  that  granite  had  never  be^o 
raised  to  a  high  temperature  or  been  reduced  to  a  cot  dition  <=>f 
perfect  fluidity.     I  prefer  to  employ  as  an  illustration  the  di^^' 
rite  of  Mt.  Davidson,  which  forms  the  foot  wall  of  the  Cor^iO- 
stock  lode  in  the  mines  known  as  the  central  group,  betwe^^ 
Spanish  ravine  and  Bullion  ravine.     It  forms  a  bare,  unbrok^J^ 
exposure  from  the  top  of  the  mountain  to  the  croppings  of  tfc^ 
lode,  a  vertical  distance  of  1800  feet  and  has  been  open  to  nriy 
observation  at  several  points  in  the  mines  down  to  a  depth    ^^ 
3,000  feet  below  the  croppings.     The  horizontal  distance  t>^' 
tween  the  two  ravines  is  about  three-fourths  of  a  mile.     Geol^' 
gists  have  perhaps  seldom  had  an  opportunity  of  examining"  ^ 
single  rock-mass  of  this  kind  over  a  vertical  distance  of  4,$^^ 
feet  witliin  a  horizontal  distance  of  just  about  one  mile.     T*^^^ 
exposures  in  the  mines  are  no  longer  accessible  and  will  prc^  ■^' 
ably  never  again  be  opened  up.  , 

^f'rom  top  to  bottom  this   mass  presents  the  same  geneic'^; 
character.     The  earlier  visitors  to  tlie  region  called  this  to^^ 
granite,  but  as  it  contains  little  or  no  quartz.  Baron  von  Ric 
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liofeD  designated  it  as  syenite.  It  continued  to  be  thus  classed 
until  Professor  Zirkel  showed  by  microscopic  examination  that 
it  is  a  plagioclase  rock.  These  facts  are  cited  to  show  that  it  is 
substantially  a  granular  rock  of  the  granitic  type.  So  nearly 
as  I  can  estimate,  about  95  per  cent  of  the  mass  is  granular, 
the  remainder  consisting  of  more  or  less  porphyritic  matter. 
TThile  the  general  character  of  the  rock  is  everywhere  the 
same,  there  are  considerable  and  rapid  changes  in  the  composi- 
tian  and  the  texture  of  the  material  irom  point  to  point ;  but  the 
same  varieties  occur  over  and  over  again  within  short  distances 
and  are  everywhere  confined  to  substantially  the  same  range. 
Thns  during  the  summer  of  1885  I  studied  with  care  the  excel- 
lent and  extensive  exposures  which  had  just  been  made  on  the 
3(X>0-foot  level  of  the  Chollar  mine.  Here  I  collected  every 
variety  of  the  rock  exposed,  and  of  these  six  or  eight  were 
distinguishable  either  by  coarseness  of  grain,  or  by  a  more  or 
less  pronounced  porphyritic  textura  I  carried  these  specimens 
^  the  west  wall  of  the  croppings,  3,000  feet  above  the  same 
claim.'  or  in  the  same  vertical  plane,  and  found  neither  any 
general  difference  nor  any  diflBculty  in  matching  each  specimen 
irorn  below  by  others  from  the  surface.  For  the  interval  be- 
^^een  the  croppings  and  the  summit  of  the  mountain  similar 
"^tements  hold  true.  There  is  throughout,  no  indication  of  a 
*®ridency  to  a  change  varying  with  depth  below  the  summit. 

The  bare,  faulted  slopes  of  Mt.  Davidson  afford  an  admirable 
<y>portunity  for  a  study  of  the  relations  which  exist  between 
^^^  porphyritic  and  granular  forms  of  diorite.     Patches  of  por- 
P*^3^ritic  rock  are  surrounded  by  granular  material,  and  patches 
^    granular   matter   are   surrounded    by    a    porphyritic   rock, 
^^ither  one  nor  the  other  form  inclusions.     They  resemble  the 
^^rk  spots  so  constantly  met  with  in  granite  and,  in  innumer- 
^t^le  instances,  show  a  transition  from  one  structure  to  the 
^^her.    In  some  cases  this  transition  is  rapid   though  unmis- 
takable, in  others  it  is  so  gradual   that  it  would   be  impossible 
^  decide  within  some  inches  where  to  draw  the  line  between 
^ne  granular  and  porphyritic  forms.     Only  a  very  small  portion 
^^  this  mass  is  micaceous.     Here  may  be  found  a  single  flake 
?*  biotite,  there  a  group  of  flakes  fading  out  from  a  centre 
^^to  the  ordinary  granitoid  mass. 

,.  It  is  manifest  that  where  a  spot  which  is  a  few  inches  in 
^^^rneter  fades  out  into  the  surrounding  granular  mass,  the 
J*^^terial  of  which  each  is  composed  must  have  been  subjected 
^  identical  physical  conditions.  Neither  can  have  chilled  more 
^pidly  than  the  other  and  the  pressure  on  each  must  have  been 
J^^  Same.  But  the  diflFerences  between  rocks  can  be  due  only 
^.Physical  or  chemical  conditions.  The  porphyritic  portions  of 
^'8  rock  must  therefore  have  a  diff*erent  composition  from  the 
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granular  portions,  and  the  constitution  of  the  micaceous  pot= 
tions  must  be  different  from  that  of  either  of  the  others.     I^ 
short,   original   differences  in  composition  are  nebessarj  an-  - 
sufficient  to  explain  the  differences  in  texture ;  and  since  tl^ 
composition  varied  enough  to  produce  striking  differences  i^ 
texture,  the  magma  can   never  have  been   homogeneous 
therefore  it  can  also  never  have  been  thoroughly  fluid.     It  al 
seems  quite  clear,  from  the  results  reached  in  preceding  pa 
graphs,  that  those  portions  which  were  more  fusible  and  beca 
fluid,  solidified  as  porphyry,  while  those  portions   which  we 
only  reduced  to  a  pasty  condition  and  which  consisted  of  rath 
intimate  mixtures  of  somewhat  heterogeneous  material,  soli 
fled  as  a  granular  rock.     The  melting  point  of  most  bodmci 
rises  with  the  pressure.*     It  is  therefore  in  so  far  conceivable 
that  a  column  of  homogeneous  eruptive  rock  of  uniform  tem- 
perature should  exist,  the  upper  portion  of  which  is  fluid  and 
the  lower  portion  pasty.     Such  a  column   might  solidify  to  a 
porphyry  near  the  upper  end  and  to  a  granitic  mass  at  the  jow^er 
end.     The  lack  of  knowledge  of  the  relation  between  melting 
points  and  pressures  of  minerals  makes  it  impossible  to  assert 
that  such  cases  may  not  sometimes  occur  in  nature,  but,  if  so, 
they  must  be  exceptional.     Positive  evidence  has  been  given 
above  that  porphyries  such  as  andesites  must  be  fluid  enough 
to  allow  of  free  crystallization   before  eruption  and  at  pres 
sures  which  1  believe  must  greatly  exceed  those  at  which  an 
rocks  accessible  to  dwellers  on   the  surface  of  the  earth   co 
have  solidified.     A  column  of  andesite  of  which  the  lower  po 
tion  was  rendered  pasty  by  mere  pressure  would  have  to  exce^ 
in  length  the  distance  from  its  point  of  eruption  to  the  sour* 
of  the  lava,  probably  not  less  than  five  miles  and  very  lik^ 
much  more.     Again  if  the  lower  end  of  a  column,  say  10,0 
feet  in  length,  were  rendered  pasty  by  mere  pressure,  it  wou 

*  Lavas  not  Koldora  contain  cryst^iLs  of  primary  cousolitlation  which  appea 
bo  rouuded,  as  if  tlicy  had  hecn  partially  fused  afler  crysiallizjitiou.     The  for 
tion  of  l)laok  borders  on  hornblende  may  also  indicate  a  partial  fusion  or  so' 
ing  of  these   crystals.     These    phenomena   are   almost  certaiidy  attendant  * 
eruption,  and  if  ihcy  indicate  real  fusion,   lead  to  the  conclusion  tliat  the 
ing  point  of  such  min(;rals  acuially  falls   with  diminishinjr  ]>n>ssure.     Bodic 
moltinj^  point  <»f  which  varies  in  tlio  same  sense  as  the  pressure,  are  denser  ' 
sohd  than  in  the  thiid  state  at  the  meliinp  point,  and   this  «|uestion  conseqi 
has  a  bearing:  on  the  problem  of  the  solidity  of  the  earth.     In  the  (lawaiiac 
the  glass  ejected  has  sub.'<tantially  the  composition  of  basalt  and  the  fact  t' 
Mr.  Kinp  observed,  the  chief  constituent  minerals  sink  in   and  are  heavic 
this  ^i^lass,  points  in  the  same  direction ;   thoujrh  unless  there  are  really  indi 
of  fu«ion  of  the  crystals  it  remains  unceruun  liow  far  from  this  melting  p< 
separation  by  density  took  place.     Other  purely  ideological  phencunena  a' 
to  the  sjune  ccmclu'^ion.     Thus  Captain  Dutton  has  observed  that  the  cnisi 
form  on  tlio  melted  lavas  in  the  craters  of  Hawaiian  volcanoi'S  often  brea' 
sink.     These  crusts  are  of  course  largely  glass,  but  glass  is  certainly 
less  dense  than  the  minerals  which  cr^'stallize  from  it,   so  tliat  were  t 
holocrystalline  they  would  sink  only  the  more  readily. 
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become  still  less  fluid  if  it  were  subjected  to  several  times  this 
preesare.  Such  material  at  a  distance  below  the  surface  of  five 
or  more  miles,  would  lose  so  much  of  its  plasticity  that  it  may  be 
doubted  whether  it  could  furnish  the  material  for  an  ordinary  vol- 
csoic  eruption.  Finally,  if  the  influence  of  pressure  on  the 
fosibility  were  such  as  to  make  a  notable  difference  in  the  fluid- 
it;y  of  a  column  of  lava  10,000  feet  in  height,  the  melting  point 
€:>i  crystals  which  had  separated  out  five  miles  below  the  sur- 
face would  be  so  much  reduced  by  the  relief  of  pressure 
£it*tendant  upon  eruption  that  they  would  completely  fuse.  The 
preceding  paragraphs  show  that  this  is  not  the  case  with  those 
i3ciiDerals  which  form  the  larger  individuals  in  porphyries.  But 
tiornblende,  pyroxene,  mica,  plagioclase  and  orthoclase  all  play 
titiifi  part  in  the  porphyries,  and  they  are  also  the  chief  mineral 
<50D8lituent8  of  the  granular  rocks.  The  supposition  that  a  col- 
iiftinQof  lava  10,000  feet  high  of  uniform  and  representative 
mposition,  which  is  fluid  near  the  top,  can  become  pasty  near 
e  base  through  mere  pressure  thus  conflicts  with  well-ascer- 
ined  facts.  It  is  easy  to  see  that  if  the  opposite  law  of  fus- 
ibility prevailed,  or*  if  the  melting  point  rose  as  the  pressure 
ciiminished,  there  could  be  no  tendency  to  the  disappearance  of 
I>orphyries  with  increasing  depth. 

On  the  other  hand  the  diorite  of  Mt.  Davidson  and  many 
Si"anites  are  known  to  overlie  sedimentary  rocks  later  than  the 
-A^rchaean  and  must,  therefore,  have  solidified  within  a  moderate 
distance  from  the  surface;  so  that  while  no  amount  of  pressure 
^s  known  to  be  sufficient  to  prevent  the  formation  of  porphyry, 
S^^nular  rocks  may  form  at  very  moderate  pressures. 

The  foregoing  considerations  seem   to  rne   to  justify  the  fol- 
ic^ wing  conclusions: 

The  relation  between  holocrystalline  pori)hyries  and  granular 
^ocks  is  of  very  different  character  from  that  wliicli  exists  be- 
tvveen  glassy  rocks  and  those  which  are  completely  devitrified. 
■Porphyries  may  form  at  any  deptli  and  no  matter  how  slowly 
^^e  temperature   of  the   magma   may   sink.     Granular    rocks, 
except  in  a  just  conceivable  limiting  case  which   must  be  ex- 
^edingly  rare,  can  never  have  been  thorouglily  fluid  or  homo- 
geneous, but    have  often  consolidated  at  pressures  extremely 
moderate  compared  witfi    those  at   which   it  is  c.ertain  that  por- 
phyries would  form.     When  granular  and  porpliyritic  forms  of 
a  rock  are  associated,  as  at  Mt.  Davidson,   the  cause  of  differ- 
ence in  texture  is  usually  a  variation  in  chemical  composition, 
and  the  temperature   to   which  .the  rock   has   been  subjected 
must  have  been  sufficient  to  melt  portions  of  the  mass  but  not 
the  whole.     The  indications  are  that  granular  rocks  have  been 
formed  at  a  lower  temperature  than  porphyries  of  exactly  the 
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same  chemical  composition,  and   that  the  granular  rocks  t 
group  have  been  leas  intensely  "heated  thatJ  the  porphyries. 

It  is  well  known  to  those  who  are  likely  to  read  the  f 
going  pages,  that  Messrs,  Hague  and  Iddings  have  dn 
very  different  cooclnsions*  from  a  study  of  my  collecti 
from  the  neighborhood  of  the  Comatock  lode;  and  thai  t 
have  diapated  many  of  the  results  both  lithological  and  atr 
ural  reached  in  my  memoir  on  that  great  o re-deposit. f  I  h 
replied  to  their  conclusions  elsewhere  ;J  but  I  may  be 
tnitted  to  repeat  here,  that  I  have  re-examined  the  district 
mines  with  their  paper  in  hand  and  am  only  the  more  c 
vinced  that  mv  elucidation  was  substantially  correct.  ' 
diorite,  diabase  and  augite  andesiteare  not  a  single  eruptioi 
series  of  eruptions,  as  they  maintian  ;  but  constitute  three 
j)robably  four  eruptions  which  took  place  at  long  interval) 
time.  There  is  very  strong  evidence  that  the  diorite  and 
base  are  pre- Tertiary  rocks  both  at  the  Comstock  and  1 
Steamboat  Springs,  si^  miles  distant,  where  diabase  pebbles 
included  in  metamorpliic  conglomerates  of  pre- Tertiary  (pi 
ably  Jura-Trias)  periods.  The  earlier  hornblende  andesite  of 
report  is  intermediate  in  age  between  the  diabase  and  the  au 
andesite.  The  quartz  porphyry  is  pre-andesitic,  orthocls 
and  does  not  intersect  the  Sutro  tunnel.  The  Washoe  dia' 
presents  no  valid  argument  for  asserting  a  progressive  inci 
of  crystallization  in  the  rocks,  while  it  offers  the  strongest  f 
meut£  in  favor  of  the  conclusions  drawn  in  this  paper. 

U.  S.  Geological  Surrej,  Washington.  D.  C,  Oct.  1BS6. 


Abt,  VII. — A  Jijlfi  nuiss  of  Meteoric  Iron  from  Augmi 
Va.;  by  George  F.  Kusz. 

This  maes  of  meteoric  iron  wa:i  given  to  the  laM 
W.  B.  Baldwin,  of  Staunton,  Augusta  Co.,  Va„  and  Wl 
at  or  near  the  place  where  the  largest  of  the  tbr««  mif 
Augusta  Co..  first  described  by  Professor  Mallet,§  1^ 
Col.  Bahlwin  was  under  the  impression  that  it  i 
part  of  the  largest  mass.  Profes^r  Mallet  i 
him  at  a  considerably  laier  date  ih;in  the  It 
chipped  and  filed  a  small  6at  snrlace,  fc 
that  the  Widmanstatten  figure.-^  were  Wtq 
mass.  A  careful  (.*sh  mi  nation  sulisfied  I 
iron  bad  not  been  hi  any  way  a 

•Bull.  D,  S.  Qeol.  Sur,  So.  17. 
tGMlog7ortheConi«tock  Lode,  aU..\J.S. 
IBnlteiin  of  tbe  Calironiu  Acwtonj  of  "  '" 
g  This  JounuL  111.  ii,  10.  1811. 
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at  the  previooBlj  discovered  masses,  though  there  is  no  doubt 
that  all  the  other  four  meteoric  irons  from  Augusta  Co.,  includ- 
ing the  one  now  described,  are  portions  of  a  meteorite  which 
probably  e:sploded  in  mid  air.  Its  preaent  dimensions  are  S'S™ 
by  6'6",  7™  at  the  widest  end  and  3™  at  the  smaller  end. 
This,  like  the  other  masses,  contains  ferrous  chloride  which,  by 
its  deliquescence,  has  caused  much  of  the  mass  to  exfoliate  and 
crack  off,  »o  that  this  mass  is  only  a  nodular  remnant  of  what 
was  formerly  a  much  larger  mass.  At  one  end  (see  figure) 
there  ia  a  lat^e  fragment  weighins  several  hundred  grams,  that 
is  in  part  separated  by  a  fissure  4°"°  wide — a  result  of  oxida- 


tion.   Several  fracture  uieces  show  from  four   to  six  faces  ol 
we  octahedron.     The  following  analysis  of  the   mass  is  kindly 


furnifhed  by  Professor  J.  W. 
Iron 
Kickel 
Cobalt 

Tin 

Manganese trace 

Chromium trace 


Phosphorus ■24.3 

Sulphur -012 

Chlorine trace 

Carbon "177 

Silica -092 

1000-72 
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Art.  VIIL — Note  on  the  origin  of  Comets ;  by  Daniel 

Kjrkwood. 


Have  comets  originated  in  the  solar  system,  or  do  they  ei^^  ter 
it  from  without?     This  question  has  been  considered  by  IKja- 
place,  Proctor,  H.  A.  Newton,  and  others.     The  last  nanczMed 
presents  arguments  of  no  little  weight  in  favor  of  their  ori^^R^in 
in  inter-stellar  space.^    To  these  arguments  I  shall  attempt       no 
reply.     On  the  contrary,  I  have  been  disposed  to  accept  tl^.  ^m 
as,  in  the  main,   valid.     For  certain  comets  of  short  peri  od, 
however,   various  facts  seem   to  indicate  an  origin   within     ^he 
system. 

(1.)   According  lo  M.   Lehmann-Filh^  the  eccentricity^     of 
the   third  comet   of  1884,   before  its  last  close   approach       to 
Jupiter,  w«s  only  0-2787.t     This  is  exceeded  by  that  of  twelve 
known  minor  planets.     Its  period  before  this  great  perturbafcioa 
was  about  3619  days,  and  its  mean  distance  4*611.     It  was  tlien 
an  asteroid,  too  remote  lo  be  seen,  even  in  perihelion.     Its    pe- 
riod was  very  nearly  commensurable  with  that  of  Jupiter;     six 
of  the  one  being  very  nearly  equal  to  five  of  the  otner.     Re- 
cording to  Hind  and   Krueger  the  great  transformation  of    i^ 
orbit  by  Jupiter's  influence  occurred  in  May,  1876.     Its  pVGSr 
ent  period  is  about  6J^  years.     It  was  discovered  by  M.  W"oii 
at  Heidelberg,  September  17,  1884.     Its  history  indicates   ^^ 
origin  in  the  zone  of  asteroids. 

(2.)  The  second  comet  o/1867. — This  body  was  discovered  ^J 
M.  Tempel  on  the  third  of  April.  Its  perihelion  distana^  *^^ 
2*073  ;  its  aphelion  4-8973 ;  so  that  its  entire  path,  like  thoso  ^^ 
the  asteroicts,  is  included  between  the  orbits  of  Mars 
Jupiter.  The  eccentricity  of  this  comet  at  its  successive 
turns  has  been  as  follows : 

■ 

Date  of  Return.  Eccentricity. 

1S07  ....  0-6092 

lH7:i        .    .    .  0-4626 

1879  ....  0-4624 

1885  .    .    .    .  0-4051 


1 
I- 


The  last  is  nearly  identical    with    the  eccentricity  of  -^tb 
the  132d  asteroid,  (0*38.)     The  period,   iticlination,  and  lo^^^v 
tude  of  the  ascending   node  are  approximately  the  same  W^ 
those  of  Sylvia,  the  87th  minor  planet.  '  ^^ 

This  comet  may  be   regarded  as  an  asteroid  whose  eleme^"^" 
have  been  considerably  modified  by  perturbation. 

Other  comets  furnish  suggestive  facts  which. bear  upon  ^  ^^ 
same  question ;  but  their  discussion  must  await  the  devel<^^^^-^  *^^ 
merit  of  additional  data. 

*  This  Journ.,  Sept.  1878.  f  Annualre,  1886. 
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diRT.  IX. — The  Bichromate  of  Soda  Cell;  by  Selwyn  Lewis 

Harding. 

In  view  of  the  recent  claims  of  superiority  of  bichromate  of 
loda  as  a  depolarizing  agent  over  its  companion  salt,  bichro- 
nate  of  potash,  I  have  made  a  series  of  comparative  tests  of 
;he  two  salts,  the  results  of  whieh  are  contained  in  the  follow- 
ing paper  : 

The  points  to  be  examined  were  the  relative  constancy  or 
powers  of  endurance,  the  electromotive  force,  and  the  resist- 
ance of  the  two  batteries. 

The  cells,  in  every  case,  were  set  up  in  the  manner  known  as 
tbe  Bunsen  battery,  namely,  dilute  sulphuric  acid  and  zinc 
outside,  bichromate  solution  and  carbon  inside'  the  porous 
cap.  The  proportions  used  were  those  given  by  the  chemical 
reactions  which  take  place  within  the  cells;  these  are: 

Na,Cr,0,  +  4H.S0,  +  6H=Na,Cr,(S0  J,  +  7H,0  (A) 

md  similarly 

K.Cr.O;  +  4H.S0,  +  6H=K,Cr,(S0,),  +  YH.O,  (B) 

fiving,  from  (A) 

21  parts  of  Na  Cr,0, 
40  parts  of  H,SO, 
n^  from  (B)  3  parts  of  K.Cr.O, 

4  parts  of   H,SO 

^or  every  part  of  the  bichromate  of  soda,  seven  parts  of 
^ter  were  used,  and  for  every  part  of  the  bichromate  of  potash 
8ht  parts  of  water.* 

The  liquid  surrounding  the  zinc  was  a  mixture  of  twelve 
^*^  of  water  to  one  of  sulphuric  acid. 

^^nstancy, — To  answer  the  question  of  the  relative  merits  of 
^  two  bichromates  in  regard  to  their  constancy  or  powers 
depolarizing,  I  obtained  a  series  of  photographic  records  of 
*1b  set  up  with  these  salts.  The  method  of  obtaining  these 
'^Ords  was,  in  brief,  the  substitution  of  a  sheet  of  sensitive 
per — driven  by  clock- work  and  properly  protected  from  ex- 
^^eous  light — for  the  ground-glass  scale  of  the  ordinary  re- 
-^ting  galvanometer ;  the  place  of  the  zero  point  on  such  a 
^le  being  taken  by  a  base  line  traced  out  by  the  reflection 
*^tti.  a  fixed  mirror.f 

1*he  records  thus  obtained  give  a  history  of  the  current 
'length,  showing  its  fluctuations  and  gradual  weakening,  from 

The  result  of  later  work  indicates  that  a  much  less  quantity  of  water  would 
«  preferable  with  the  soda  salt. 
t  P*or  details,  this  Journal,  vol.  ixix,  p.  374,  May,  1885. 


62  S.  L.  Harding — BichromMe  of  Soda  (ML 

the  moment  of  making  until  breaking  circuit.     By  transfei 
the  individual  records  taken  under  the  same  conditions 
sheet  of  coordinate  paper  and  referring  them  to  the  same  \ 
their  relative  changes  irom  time  to  time  are  readily  noted, 
accompanying  diagrams  show  a  number  of  these  records. 
1  illustrates  better  than  many  words  the  relative  value  o 
two  bichromate  cells,  at  least  as  far  as  their  constancv  is 
cerned  ;  it  gives  two  records  of  each  of  the  two  classes  of  < 
and,  for  the  sake  of  comparison,  a  record  of  a  Daniell's 
It  is  to  be  observed  that  in  Series  1  and  2  circuit  was  mad( 
mediately  after  setting  up  the  cells,  before  the  liquid  had 
to  diflfuse  itself  through  the  pores  of  the  inner  cup.     Th( 
creased  resistance,  due  to  this  cause,  and  the  gradual  retur 
the  normal  resistance  during  the  first  hour  are  plainly  recor 
The  following  table  gives  the  length  of  the  records  or  the 
number  of  hours  before  the  exhaustion  of  the  depolarizer: 

Double  Liquid  Cells, 

Hours  befoi 

Depolarizer.  External  resist.  exhaustion 

Series  1 Bichr.  of  potash  .  8  ohms  55^ 

Series  2 "         "      "  8     "  56^ 

Series  3 Bichr.   of  soda  8     "  78 

Series  4 "         "      "  8     "  74f 

Series  5 Sulphate  of  copper  8     " 

During  the  first  24  to  80  hours  the  records  show  little  d 
ence  in  the  working  of  the  two  classes  of  cells,  both  remai 
comparatively  constant  and,  therefore,  giving  for  records  m 
straight  lines ;  though  it  must  be  understood  that  even  ir 
case  of  the  most  constant  cells,  such,  for  instance,  as 
Daniell's  cell,  the  curves  are  never  absolutely  straight  lines 
rather  a  series  of  slight  but  numerous  fluctuations  about 
position  of  a  right  line.  These  fluctuations  are  far  more  ma 
during  the  first  10  or  15  hours  than  later,  but  at  no  tim( 
they  entirely  absent.  Both  the  potash  and  the  soda  cell 
the  above  series,  showed  signs  of  weakening  after  30  h< 
This  weakening,  however,  proceeded  far  more  rapidly, 
consequently,  exhaustion  was  reached  much  sooner  in 
former  class  of  cells  than  in  the  latter.  As  can  be  seen  1 
the  table,  the  soda  cells  ran  on  an  average  fully  20  hour 
more  than  one-third,  longer  than  the  potash  cells. 

The  comparatively  short  life  of  the  depolarizing  liquic 
all  the  above  cases  was  due  to  the  small  resistance  in  cir 
As  a  proof  that  the  soda  cell  is  capable  of  long  contii 
action  on  a  larger  circuit,  I  need  only  cite  a  record  w 
lasted,  with  35  ohms  in  the  external  circuit,  over  200  h 
without  showing  signs  of  exhaustion.     On  large  circuits  w 
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• 

either  the  expense  or  care  of  the  battery  is  an  element  to  be  cr 
sidered,  the  superiority  of  the  soda  cell  would  be  especially  f 

In  the  case  of  the  single  liquid  bichromate  cells  also, 
superiority  of  the  sodium  salt  seems  to  be  maintained,  thoc 
it  IS  more  difficult  to  form  a  correct  judgment  from  the  reco 
of  these  cells,  owing  in  part  to  the  greater  irregularity  of  s 
cessive  records,  ana  in  part  also  to  the  fact  that  the  great 
and  most  marked  fall  in  the  strength  of  the  current  occurs  di 
ing  the  first  hours  of  the  records,  while  in  the  double  liqc 
cells  the  reverse  is  the  case,  the  most  rapid  fall  occurs  duri 
the  last  hours  and  thereby  indicates  more  accurately  the  cl( 
of  the  record.  Figures  2  and  8  give  several  of  the  single  liqt 
records,  the  conditions  of  which  are  contained  in  the  followi 
table: 

Single  Liquid  Cells. 

Hours  before 
Depolarizer.  External  resist        exhaustion. 

Series  6 Bichr.  of  potash  8  ohms  29 

Series  1 Bichr.  of  soda  8  ohms  35 

Series  8 Bichr.  of  potash  35  ohms  67 

Series  9 Bichr.  of  soda  45  ohms  Hi 

Though  the   diflFerence  in  the  number  of  hours  before  i 
haustion  in  the  two  cells,  as  indicated  by  the  above  table 
not  so  great  as  in  the  double  liquid  cells,  a  glance  at  the  reco 
shows  that  the  weakening  of  the  current  in  the  case  of 
potash  cells  was  more  sudden,  and  that  it  took  place  ea* 
than  in  the  soda  cells,  so  that  the  average  strength  for 
whole  time  was  greater  in  the  latter  cells. 

An  interesting  question  arises  as  to  the  cause  of  the  gr 
power  of  the  bichromate  of  soda.     Both  the  bichromate  c 
les  belong  to  the  general  class  which  provides  oxygen  to 
with   the   hydrogen  set  free  at  the   negative   electrode, 
question,  therefore,  resolves  itself  into  this:    which  sf 
provide  the  greater  amount  of  oxygen  to  unite  with  the 
gen  ?     Now  our  chemical  reactions  for  the  two  salts  are 
similar,  chromic  acid  being  given  off  in  both   cases,  a 
seen  by  writing  out  the  intermediate  reactions  of  (A) 
Thus  : 

(A)     (1)  Na,Cr,0,+H,SO,=Na„SO,  +  2CrO,  +  H 

(2)  2CrO,  +  6lI=CV:),  +  3lI/) 

(3)  Cr,0.  +  3H,SO,=Cr,(80 J,  -f  3H,0 

(4)  Cr,(SO J.  +  Na.SO  =Na,Cr,(SO J, 

and  a  similar  set  for  (B). 

That  salt,  therefore,  which  can  for  a  given  we 
solution  furnish  the  most  chromic  acid  will  prov 
superior.     The  solubilities  of  the  two  salts  are  a? 
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15®  C.  100  parts  of  water  dissolve  12*5  parts  of  the  bichromate 
of  potash,  and  83*16  parts  of  the  anhydrous  bichromate  of  soda. 
The  available  oxygen,  therefore,  in  a  given  amount,  for  instance, 
a  litre  of  the  solution,  is  nearly  five  times  as  great  for  the  ^da 
salt  as  for  the  potash.  This  explanation,  it  seems  to  me,  will 
go  far  toward  accounting  for  the  superior  constancy  of  the 
soda  cell. 

In  the  appended  table  are  contained  the  above  results,  and 
others  computed  with  a  view  of  comparing  the  two  bichromates 
with  other  depolarizing  agents  of  the  same  general  class.  The 
first  column  gives  the  per  cent  of  oxygen  in  one  molecule 
of  each  of  the  tabulated  substances  which  is  available  for 
combination  with  the  hydrogen  set  free ;  thus,  in  bichromate 
of  potash,  three  atoms  of  oxygen,  or  '1629  of  the  total  weight, 
are  available.  The  third  column  gives  the  cost  of  obtaining  a 
kilogram  of  oxygen  from  each  of  the  oxydizers.  In  these  col- 
umns the  fact  that  the  bichromate  of  soda  is  hydrous  increases 
the  total  molecular  weight,  and  theret>y  lowers  the  per  cent  of 
■ivailable oxygen.  In  the  last  column  is  contained  the  amount 
of  available  oxygen  in  a  saturated  solution  of  each  of  the 
soluble  defiolarizers.  As  is  seen  from  the  table,  bichromate  of 
!H)da  stands  far  ahead  of  the  others  in  the  last  respect,  giving 
S '52  per  cent  of  available  oxygen  from  a  saturated  solution  of 
the  salt : 


Per  cent  of 
available  oxy< 
gen  in  one 

molecule. 


Number  of 
kiloKrainR  to 
produce  one 
Ilo  of  oxyifcn. 

Cost  of 
producing 
1  kilo  ot 

oxygen. 

Solubllltv : 
lUOpartMiUO 

dlMHoIve  at 
15  centigrade. 

Per  cent  ol 

avHllablo 

oxygen  in  a 

saturated 

Holution. 

6-138 

$2  03 

12-5 

.01808 

6-25 

1-65 

j  anhydrous  ] 
\      83-10      \ 

•0852 

10-87 

1-92 

insoluble. 

3&5 

3-34 

6-25 

•0142 

3-93 

259 

Bichromate  of  potash,       -1629 

Bicliromate  of  soda,  160 

Peroxide  of  manganese,  -092 

PenDanganate  of  potash,  253 

Xitric  acid,  C.  P.,  '254 

Trom  this  table  it  is  seen  that  the  bichromate  of  soda  com- 
pares very  favorably  with  the  other  depolarizers  in  all  those 
respects  which  are  essential  for  a  good  battery.  The  great 
solubility  and  large  amount  of  available  oxygen  indicate  great 
posibilities  for  this  salt. 

This  table  might  be  much  extended,  but,  owing  to  the  com- 
plicated nature  of  the  chemical  actions  which  take  place  in 
r/umy  batteries,  our  knowledge  in  this  direction  is  very  limited 
and  consequently  we  cannot  proceed  far. 

Electro-motive  force. 

The  electro-motive  force  of  the  soda  cell  I  obtained  by  the 
open-circuit  method  of  comparison,  by  means  of  an  electro- 
meter, with  a  standard   (Daniell's  siphon)  battery.     With  one 

AM,  Jour.  Sci.— Third  Series,  Vol.  XXXIII,  No.  193.— January,  1887. 
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cell  of  this  battery  as  the  unit,  the  electro-motive  force  of  the 
soda  cells  tested  was  as  follows : 

1-887  volts. 

1-884 

1-908 


Average 1*893 

« 

The  electromotive  force  of  the  'potash  cell  in  the  same  way 
was  found  to  be  1*852,  while  that  of  the  ordinary  DanielFs  cell 
— 12  parts  of  water  to  one  of  sulphuric  acid — was  1*059  volts. 

Resistance. 

Lodge  s  method,*  a  modification  of  Mance's  method,  was 
used  in  determining  the  resistance  of  the  cells;  a  condenser,  in 
some  cases  of  one-third  of  a  microfarad,  and,  in  others,  of  a 
little  over  a  microfarad  in  capacity,  being  used.  For  the  soda 
cell,  the  resistance  was  found  to  be : 

-494  ohms. 
•504 
-495 
-494 


Average -4967 

Likewise  for  the  potash  cell,  -468  ohms  was  the  resistance. 
The  resistances  of  both  cells  could  undoubtedly,  if  occasion 
should  demand  it,  be  reduced. 

From  the  foregoing  it  is  seen  that  the  bichromate  of  soda 
cell  is  a  most  eflBcient  cell ;  its  effectiveness,  however,  could 
be  materially  increased,  I  believe — at  least,  as  far  as  its  con- 
stancy is  concerned — by  interchanging  the  positions  of  the 
electrodes  with  their  surrounding  liquids,  after  the  fashion  of 
the  Fuller  cell  ;  that  is,  placing  the  zinc  and  sulphuric  acid 
inside  the  porous  cup,  and  the  carbon,  with  a  much  increased 
quantity  of  the  depolarizing  mixture,  outside  the  cup. 

Jefferson  Physical  Laboratory,  Harvard  University,  June,  1886. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

\.  On  a  new  Universal  chemical  Spectroscope, — A  new  form 
of  spectroscope  has  been  devised  by  G.  Keuss,   which   is  well 
adapted  for  the  work  of  the  chemical  laboratory,  both  qualitative 
and  quantitative.*     Its  fundamental  form  is  that  of  the  Bunsen 
and  Kirchhoff  instrument;    but  a  variety  of  modificatiohs  and 
additions  have  been   made,  to  render  it  available  as  a  universal 
spectroscope.     An  upnght  pillar  supports  a  table  on  which  rests 
the  prism,  and  which  carries  the  observing,  collimating  and  scale- 
telescopes.     The  collimating  telescope  has  no  draw-tube.     It  is 
provided  with  two  slit-plates,  one  of  which  carries  the  ordinary 
single  slit  for  qualitative  purposes,  the  other  the  double,  slit  of 
Vierordt  for  quantitative  work.     These  slits  are  strictly  parallel 
to  the  axis  of  the  prism  and  are  opened  and  closed  symmetrically 
on  the  two  sides  of  this  axis,  by  micrometer  screws,  whereby  the 
width  of  the  slit  may  be  determined.     The  knife  edges  of  these 
slits  are  made  of  platinum  and  are  so  accurately  worked  that  no 
horizontal  lines  appear  in  the  spectrum  even  when  the  slit  is  open 
by  only  one  or  two  divisions  of  the  micrometer-head   (0*002  to 
0 •004mm ^     Two  prisms  are  provided  ;  one  a  simple  flint  prism  of 
60°  of  a  dispersion  of  4°  1 8'  between  A  and  H^,  the  other  a  so- 
called  Rutherfurd  prism,  having  a  dispersion  of  8°  2'  between  the 
same  limits.     By  an   automatic  device  the  prism   is  kept  at  the 
angle  of  minimum  deviation  for  the  part  of  the  spectrum  under 
observation.     The  scale  is  fixed  in  its  -telescope  so  that  it  is  in  the 
principal  focus  of  the  oV)ject  glass  and   so  that  its  100th  division 
conies  midway  between  the  D   lines.     The   observing   telescope 
magnifies   about  seven  diameters.     By  means  of  a   micrometer 
screw  with  a  divided  head,  it  is  moved  in  a  horizontal  plane  about 
the  vertical  axis  of  the  instrument,  the  amount  of  motion  being 
measured  by  an  index  moving  over  a  graduated  arc  upon  the  end 
of  the  fixed  arm  carrying  the  telescope.     The  value  of  the  tlivis- 
ions  on  the  micrometer  head  in  terms  of  the  graduations  upon  the 
arc,  and  the  value   of  these  in   terms  of  the  scale  divisions,  are 
easily  determined.     Moreover,   this  telescope  has  a  micrometer 
eyepiece;  so  that  spectrum  measurements  may  be  made  between 
two  colors  whose   wave-lengths  differ  by  only   0*000  000  000  015 
millimeter.     The    slide    which    carries   the   cross    wires   of    this 
micrometer  carries  also  the  Vierordt  slit,  whose  width  is  adjusta- 
ble bv  the  same  screw  that  moves  these  cross  wires.     The  author 
thinks  that  the  results  obtained  by  this  instrument  when  used  as 
a   spectrophotometer,  are  fully  equal  to  those  obtainable    with 
polarizing  instruments. — J^er,  Bert.  Chem,  Ges.^  xix,   2739-2745, 
S'ovember,  1885.  g.  f.  b. 

*  Constructed  bj  A.  Knies  of  Hamburg. 
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2.  On  the  Decompositioji  of  Glass  by  Capillary  water-lai 
co7\taining  Carbonic  acid. — Two  years  ago,  Bunses  publis 
the  results  of  some  expenments  which  he  had  made  on  the  ( 
densation  of  carbon  dioxide  gas  upon  the  surface  of  glass  {^A 
Phys.  Chem,^  xx,  545).  His  results  showed  that  in  three  yi 
5*135  c.  c.  of  this  gas  were  condensed  upon  each  square  me 
Kayser  subsequently  repeated  the  experiment  in  a  different  f( 
and  obtained  different  results  ;  whereupon  Bunsen  reexamii 
the  subject  and  showed  that  his  glass  fibers  were  not  perfe< 
dry,  and  that  a  part  of  the  observed  absorption  was  due  to  ' 
capillary  water-layer.  On  taking  the  apparatus  <lown,  Bun 
analyzed  the  glass  fibers  on  which  the  action  had  taken  ph 
Under  ordinaiy  conditions  carbon  dioxide  does  not  attack  gl 
but  it  is  quite  possible  that  so  concentrated  a  solution  of  carbc 
acid  as  existed  in  these  capillary  layers,  might  have  some  act: 
The  analysis  showed  not  only  that  the  glass  had  been  acted 
but  that  this  action  had  been  unexpectedly  great.  A  weight 
49*543  grams  of  glass  fiber  gave  to  cold  water  sufficient  sodi 
carbonate  to  yield  on  the  addition  of  hydrochloric  acid  and  ev 
oration,  0*8645  gram  sodium  chh)ride.  From  the  compositioi 
this  glass,  determined  before  the  experiment,  it  appears  that  dur 
the  course  of  the  observations — 109  days — 5*83  per  cent  of 
entire  weight  of  the  glass  must  have  been  thus  decomposed.  *! 
suggestion  is  an  obvious  one  that  possibly  all  the  absorpt; 
which  Bunsen  observed,  might  have  been  due  to  the  formatioi 
this  way  of  sodium  carbonate.  But  he  shows  that  of  the  t< 
volume  of  gas  absorbed  by  the  entire  mass  of  glass,  236*9  cd 
millimeters  are  set  free  again  on  heating.  If  combined  as  hy( 
sodium  carbonate,  the  quantity  of  sodium  found  on  analysis  wo 
require  only  165*2  cubic  miflimeters,  leaving  71*7  cubic  m 
meters  to  be  otherwise  disposed  of.  In  view  of  the  fact  that  p 
water  may  also  be  expected  to  act  on  the  substance  of  the  gl 
it  is  evident  that  glass  is  not  a  suitable  material  for  experimi 
on  capillary  absorption. — Ai^fi,  Phys,  Chem,,  II,  xxix,  161  ;  j 
Berl,  Chem.  Oes.,  xix,  729,  (lie/,)  November,  1886.        G.  p.  i 

3.  ,0n  the  Properties  and  Constants  of  Gemianiuni. — Wi 
LER  has  communicated  some  additional  facts  concerniiig  his  : 
metal,  germanium.  When  obtained,  either  by  reducing  the  o: 
in  a  current  of  hydrogen  or  by  gently  igniting  a  mixture  of 
oxide  and  starch,  and  then  fusmg  the  gray  powder  under  bo 
the  metal  appears  of  a  grayish-white  color,  having  a  brill 
metallic  luster  and  crystallizing  in  well  formed  regular  oct 
drons.  It  melts  at  a  somewhat  lower  temperature  than  sil 
900°,  and  volatilizes  at  a  slightly  higher  one  than  this.  It 
pands  on  solidifying,  and  crystallizes.  Its  specific  gravit; 
6*469  at  20*4°.  Before  the  blowpipe  it  fuses  to  a  globule  wl 
evolves  white  fumes  and  explodes,  as  does  antimony.  It  ii 
soluble  in  hydrochloric  acid,  soluble  in  aqua  regia,  and  is  • 
verted  by  nitric  acid  into  the  white  oxide  with  evolution  of  ni 
gen   dioxide.     Concentrated    sulphuric   acid    converts   it  iai 
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Bui  plate  soluble  in  water,  with  evolution  of  sulphurous  oxide.     It 
IS     not  attacked  by    potassium    hydrate.      Its    atomic   weight, 
estlraated  by  titerin^  the  chlorine  contained  in  the  tetrachloride, 
by    the  method  of  Volhard,  was  found  to  be   72-32  as  a  mean  of 
foimi-  experiments.     (Lecoq  de  Boisbaudran,  it  will  be  remembered, 
oal emulated  the  atomic  weight  from  the  two  characteristic  lines  in 
its    spectrum,  A=468  and  A=422*6,  and  found  it  to  be  72*31  and 
72-2  7,  by  two  different  methods,  {C,  J?.,  cii,  1291)).    The  position 
of  ^^-crmanium  is  that  of  the  ekasilicium  in  Mendelejeff's  table,  for 
wbidh  he  predicted  an  atomic  weight  of  72  and  a  specific  gravity 
of  S  '5.    Its  specific  heat  as  determined  by  Niison  and  Peterson, 
\&slXs  100°,  0-0737  ;  at  21 1**,  0-0772  ;  at  301 -S*,  00768;  and  at  440° 
O'O'y*'*?;  the  corresponding  atomic  heats  being  5-33,  5*58,  5-55  and 
5'4  V  respectively.     These  temperatures  are  the  boiling  points  of 
wJi.t.cr,  nitrobenzene,    diphenylamine  and   sulphur.     The  specific 
beat,  of  the  dioxide  is  0-1293  between  0°  and   100°.     The  vapor 
density  of  GeCl^  is  7*43  and  that  of  the  iodide  20-43.     Its  spark 
spectrum  shows  one  line  in  the  orange,  one  in  the  yellow,  four  in 
the  violet  and  twelve  in  the  green  and  blue.     Its  compounds  are 
characterized  by  their  solubility  and  volatility,  but  they  do  not 
color  the  Bnnsen  fiame.     Two   oxides,  GeO  and    GeO,  are  de- 
scribed, and   the  corresponding  sulphides   and  chlorides.     Also 
f\^'     T'he  best  test  for  germanium  is  the  precipitation  of  the 
^nile  sulphide  GeS   upon  the  addition  of  mineral  acids  in  excess 
^  ^ts  solution  in  alkaline  sulphides.     This  separation  is  so  com- 

n  ^^.  ^^^^  ^^  ™*y  ^®  yx^Q^  quantitatively.  For  this  purpose,  the 
alkaline  solution  of  germanium  is  mixed  with  ammonium  sulphide,  * 
P^cipitated  with  dilute  sulphunc  acid  in  excess  and  saturated 
^25^  hydrogen  sulphide.  After  12  hours  standing,  it  is  filtered 
^^and  washed,  the  precipitate  is  washed  from  the  filter  and  ex- 
tracted with  ammonia.  The  ammoniacal  solution,  with  the  wash 
^^ter  are  evaporated  to  dryness  in  a  weighed  porcelain  dish,  the 
"J'^in  precipitate  moistened  with  sulphuric  acid  added  thereto  and 
the  excess  of  acid  evaporated.  After  ignition  the  residue  is 
^^^ated  with  nitric  acid,  again  ignited,  digested  with  ammonia  to 
^'Ciiiove  the  last  trace  of  sulphuric  acid,  and  the  strongly  ignited 
oxide  weighed.  To  separate  this  metal  from  tin,  arsenic  and  anti- 
"^'^'^y,  the  author  dilutes  the  solution  to  a  definite  volume,  boils  a 
"^fasTired  portion  with  excess  of  normal  sulphuric  acid  and  dcter- 
^JUes  by  titering  back  the  excess  of  acid  required  to  exactly 
"^Qtralize  the  entire  solution.  This  amount  is  then  added,  the 
^^'^tion  allowed  to  stand  12  hours,  the  precipitated  sulphides  are 
Hered  off,  the  filtrate  is  evaporated  to  a  considerably  smaller 
\^'nme,  treated  with  ammonia  and  ammonium  sulphide  and  pre- 
'Pitated  by  the  addition  of  an  excess  of  sulphuric  acid  and  the 
Passage  of  a  current  of  hydrogen  sulphide.  This  precipitates 
l^'^anium  sulphide  pure.  Argyrodite,  in  which  this  element  was 
^'scovered  contains  Ag  74-72,  Ge  6-93,  S  17*13,  Fe  0-66,  Zn  0-22 
Ql  c*  -^^g  0*31  per  cent.  It  is  a  sulpho  salt  of  the  formula  (Ag^S), 
.®^»- — J,  pr,  Ch.^  II,  xxxiv,  177-229;  Ber.  BerL  Chem,  Ges,, 
*^>  e52  (Ref.)  Nov.  1886.  a.  f.  b. 
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4.   On  the  distinction  between  spectral  lines  of  Solar  and 

restrial  origin. — In  a  commanication  to  the  Physical  Soci< 

London,  Jane  12,  1886,  Professor  M.  A.  Corxit  calls  attention 

a  method  which  allows  one  to  distinguish  instantly  between  sc 

lines  and  those  dae  to  the  earth^s  atmosphere  in  the  solar  sp 

tram.     This  method  is  based  apon  a  principle  dae  to  M.  Fize 

(Ann.  de  Chim.  et  de  Phys.,  4  serie,  t.  six,  p.  211),  that  of  the  ( 

placement  of  the  spectral  lines  emitted  by  a  source  which  if 

absolute  or  relative  motion.     Professor  Cornu  shows  that  we  si 

A 
have  a  variation  of  wave  lenirth  equal  to  ±  — — -— - ,  +  or  — 

cording  as  we  take  the  same  radiation  at  the  eastern  or  west 

end  of  the  solar  equator,  estimating  the  displacement  in  refere 

to  the  two  D  lines.     It  is  found  that  the  double  displacem 

amounts  to  ^^.^  of  the  distance  between  the  two  D  lines.    1 

displacement  can  be  readily  measured  by  the  use  of  TholU 

prisms  or  Rowland's  gratings.     The  experimental  method  c 

sists  in  causing  the  image  of  the  two  extremities  of  the  s< 

equator  to  fall  alternately  on  the  slit  of  the  spectroscope. 

enect  this  the  beam  of  light  passes  through  a  condensing  1 

which  produces  in  the  plane  of  the  slit  a  sharp  image  of  the  s< 

disk.     A  displacement  of  the  lines  of  the  spectrum  due  to  the  i 

alone  is  produced  by  substituting  one  limb  of  the  sun  for 

other,  while  the  positions  of  the  telluric  lines  are  unaltered.     I 

fessor  Cornu  gives  in  detail  the  precautions  which  must  be  tal 

.  in  the  comparison.     By  causing  the  collecting  lens  to  oscill 

two  or  three  times  a  second,  the  displacement  becomes  more  < 

dent.    The  distinguishing  of  the  lines  is  then  easily  accomplish 

If  the  line  remains  immovable  under  this  shaking  ])rocess  it  is  < 

belonging  to  the  earth's  atmosphere,  if  it  oscillates  it  is  a  sc 

line.     Professor  Cornu  gives  a  map  of  Angstrom's  group. 

indicates  the  telluric  nature  of  a  certain  number  of  lines  beyc 

the  band  8,  and  shows  tihat  the  line  1474  of  Kirchhoff  is  a  sc 

one.     Since  it  oscillates  we  may  conclude  that  the  vapor  wh 

absorbs  the  radiations  of  which  it  takes  the  place  is  carried  roc 

by  the   rotation  of  the  sun,  and   he  shows  that  physicists  s 

astronomers  have  now  a  method  which  will  enable  them  to  tell 

a  glance  whether  a  spectral  line  belongs  to  the  sun  or  the  oar 

—  Phil,  Mag.y  Nov.  1886,  p.  458.  j.  t 

5.  New  form  of  Galvanometer. — In  Wied.  Ann.,  xxiii,  p.  6 

1884,  Htmt  Rosenthal  described   a   very  sensitive  galvanomet 

in  which  the  poles  of  the  suspended   magnet  were  brought  v< 

near  the  coils.     Hr.  J.  Kollerl  has  constructed  a  similar  inst 

ment  which  is  more  sensitive  than  tliat  of  Rosenthal.     It  consi 

of  four  coils  whose  axes  all  lie  in  the  same  horizontal  plane;  a 

the  coils  are   placed   radially  in   this   plane.      The  magnets 

made  out  of  very  thin  watch  spring  in  the  form  of  arcs  of  a  < 

cle.     Two  such  arcs  are  placed  at  the  extremity  of  a  straight  a 

which  is  suspended  horizontally  fr^  its  middle  point.     The  ei 

of  the  magnets  can  thus  pass  into  the  centers  of  the  radial  co 
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A  current  of  '000,000,001  A.  gives  a  deflection  with  suitable  dis- 
tance of  reading  telescope  of  0*7  of  a  scale  division. — Ann.  der 
Physikund  Chemie^  No.  11,  1886,  p.  491.  j.  t. 

6.  Metallic  deposits  formed  by  electrical  disckargea. — Pro- 
fessor Wright  of  Yale  College  described  in  this  Journal,  vols,  xiii 
and  xiv,  1877,  a  method  of  obtaining  very  thin  deposits  of  metals 
by  electrical  discharges  in  rarefied  air.  The  subject  has  been 
taken  up  anew  by  Hr.  Bernard  Dessau,  who  investigates  the  inter- 
ference phenomena  produced  by  such  thin  layers.  Generally 
these  layers  are  tliicker  directly  opposite  the  electrode  from  which 
the  metallic  particles  are  thrown  off  Hence  a  cone  is  formed  of 
a  very  small  altitude.  The  deposits  showed  in  reflected  light 
colored  interference  rings.  The  dispersion  in  the  metals  platinum, 
iron,  nickel  and  silver,  the  author  calls  normal,  and  that  with  gold 
and  copper  abnormal.  The  cross  of  double  refraction  was  also 
noticed  in  reflected  light. — Ann,  der  Physik  und  Cheniie^  No. 
11,1886,  pp.  353-376.  J.  T. 

7.  Electricity  arising  from  the  condensation  of  vapor,  —  It 
has  been  maintained  by  Palmieri  and  others  that  the  condensation 
of  vapor  results  in  the  production  of  an  electrical  charge.  Hr. 
S.  Kalischer  has  renewed  his  investigations  upon  this  point  and 
believes  that  he  has  proved  that  no  electricity  results  from  such 
condensation.  Atmospheric  vapor  was  condensed  upon  a  vessel 
coated  with  tin  foil,  filled  with  ice,  carefully  insulated  and  con- 
iJ^cted  with  a  very  sensitive  electrometer.  No  evidence  could  be 
obtained  of  electricity. — Ann.  der  Physik  und  Chentie^^o.  11, 
l^^'^0,p.  407.  '  J.  T. 

11.  Geology  and  Mineralogy. 

1-  The    Charleston    PJarthquake, — The    earthquake   wiiich    oc- 

cun-ed  in  the  southeastern  United  States  on  the  evening  of  Auiij. 

**'»  18S6,  and    which    will    doubtless    always    be    known    as    the 

J-harleston  Earthquake  because  of  the  great  destruction  caused 

"y  it  ill  that  city,  is  being  made  the  subject  of  careful  study  by 

^be  seismologists  of  America,  and  there  is  g(^od  hope  that  valuable 

j^'^ults  for  the  future  of  seismoloi^y  may  issue  from  their  work. 

■Karely  if  ever  has  a  better  opportunity  lor  study  been  presented. 

^"6  primary  shock   was   of  sufficient  intensity  to   destroy  many 

l^'i'ldiiiiirs  in  Charleston  and  vicinitv  i^nd  was  felt  over  a  land  area 

'^'  nearly  800,000  square  miles,  extending  from  the  great  lakes  to 

^'^t' gulf  and  from  beyond  the  Mississippi  to  the  Atlantic,  being 

'^'It  also  very  slightly  in  the  Bermudas  and  in  Cnba.     This  large 

•'^'"Pa  is  covered  with   a  network  of  telegraph    lines  whose  offices 

^ere  ready  at  once  to   collect  and   communicate  the  news  of  the 

^"ock;  and  the  standard  time  is  very  generally  in  use,  so  that  the 

J*<^eor(]s  of  time   give   fair   promise  of  accuracy  and    are  readily 

t'oinparable.     Our  country  is  also  su])plie(l  with  active  newspapers 

^nieh  put  on   record   with  care  and  in  full  detail  the  phenomena 

^^  the  shock. 

To  these  general  means  of  information  are  to  be  added  others 
sttin  operation  for  this  special   occasion.     Major  Powell,  the  Di- 
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rector  of  the  United  States  Geolosrical  Survey,  promptly  took  "V-mp 
the  matter  and  sent  W.  J.  McGee,  a  geologist  ot  the  Survey,    Xo 
personaHy  examine  the  ground.     At  the  request  of  the  Surv  try 
the  United  States  Sijjnal  Sen'ice  also  sent  Professor  T.  C.  Mtj-ii- 
donhall,  of  their  corps,  a  former  resident  of  Japan  and  a  meiiil>er 
of  the  Seismological  Society  there.     These  observers  spent  a  week 
in  the  vicinity   of  Charleston,  and   brought  back  many  valuable 
data,  besides  a  series  of  photographs  of  injured  buildings  an«i 
displaced  monuments.     A  competent  |M?rson  was  also  left  on  the 
ground  to  continue  their  observations. 

A  series  of  quostions  was  promptly  distributed  through  the 
public  press  and  by  special  circular,  and  the  personal  letters 
receive<l  by  the  Geological  Survey  in  reply  already  number  sev- 
eral hundred  and  are  still  receiving  additions.  The  Signal  Service, 
through  its  observers,  has  a  large  amount  of  information  which 
is  also  open  to  the  Survey,  while  the  other  departments  of  tli€ 
government,  as  the  Ilydrographic  Office,  the  Light  House  Boarcl, 
etc.,  have  each  contributed  whatever  information  was  in  their 
hands. 

It  will  be  seen  therefore  that  the  mass  of  information  in  regrar^ 
to  the  Charleston  Earthquake  which  is  accumulating  in  the  hanrl 
of  the  Geological   Survey,  both  in  amount,  in  careful  detail,  in 
number  of  contributoi-s  and  in  area  covered,  is  likely  to  far  surpass 
that  gathered  in  res]»ect  to  any  previously  studied  earthquake.    Gl 
course  in  such  a  mass  of  material,  coming  from  all  sorts  of  per- 
sons, much  is  included   that  has  little  scientific  value ;  but  there 
are  also  many  careful  reports  from  competent  scientific  observers, 
and  the  results  should  be  as  good  as  can  ordinarily  be  obtain<?<i 
from  non-instrumental  observations.     Indeed  the  one  thin«:  to  be 
regretted  is,  that  the  Earthquake  Commission  had  not  yet  per- 
fected  their    ]>lans    for  establishing   a    series   of    seismoscopcs : 
although  it  is  doubtful   if  the  area  selected  for  them  would  have 
included  the  southern  Atlantic  States  even  if  they  had  been  ready 
for  use. 

It  will  he  evident,  from  what  has  been  said,  that  much  time  aiw 
labor  are  needed  to  siit   from  such  a  collection  what  is  authentic 
and  valuahle  and  lo  collate  and  compare  the  records  so  obtained, 
before  any  attempt    can    he   made  to   formulate  results.     On  th^'' 
work  tile  (fiM»loo;ical  Survey  is   now  engaged,- certain  of  its  roe t^' 
bers   ha\ing   occu|»ied    nearly   all   their  time   for  the  past  ^^^T 
months  in  the  clerical  lahor  involved,  but  it  will  still  take  mou*>'^* 
of  steady  lahor  before  the  final   results  will  be  ready  for  publi*-'** 
tion. 

Meantime  soim*   ihinirs   have  appeared   in   j)rint  which  dcsec-     , 
mention  lu're,  alih'>Mu:}j   their  full  discussion  must  be  reserved 
another  time      In   Science,  No.    iss,  Sept.    10,  1886,  a  map  of 
seismals,  or  lines   of  equal   times,   was   published  as  prepared 
Everett   llavden  of  the   Geolosrical   Survev,  which  however  c-^ 
oidy  be  rei^arded  as   a   first   rough   approximation.     In  the  U. 
Monthly  Weather  Review   for  August,  1886,  issued  in  Octob^==^ 
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the  data  in  the  hands  of  the  Signal  Service  are  summarized  by 
Professor  Mendenhall  in  a  brief  report,  accompanied  by  a  map  of 
I&oseismalSy  or  lines  of  equal  intensity,  which  show  some  curious 
deviations  from  uniformity.  Science  No.  199,  Nov.  20,  1886,  also 
contains  a  map  of  isoseismals  and  coseismals  prepared  for  the 
Philosophical  Society  of  Washington,  by  Edward  Hayden,  from 
data,  mostlv  correspondence,  in  the  hands  of  the  Geological  Sur- 
vey up  to  October  23.  The  isoseism.'ils  of  this  map  are  consider- 
ably more  irregular  than  those  given  by  Mendenhall,  although 
the  two  maps  agree  in  the  general  form  of  the  curves.  They 
suggest  some  interesting  relations  with  the  geology  of  the 
country  which  it  is  yet  too  early  to  enlarge  upon.  They  indicate 
however  a  focus  or  epicentrum  lying  somewhat  north  of  Charles- 
ton. During  September,  Science  also  published  copies  from  some 
of  the  photographs  brought  home  by  McGee. 

Xhe  earthquake  did  not  consist  of  a  single  isolated  shock,  but 
the  great  shock  of  August  31  was  preceded  by  perceptible 
tremors  on  the  27th  and  28th  and  has  been  followed  by  almost 
daily  shocks,  mostly  of  minor  intensity,  even  up  to  the  date  of 
this  -writing,  one  being  reported  in  to-day's  paper.  c.  g.  k. 

Prioceton,  N.  J.,  Nov.  30,  1886. 

2.    Naturally  Reduced  Iron  ;  by  J.   B.  Tyrbell,  of  the  Geo- 
logical Survey   of  Canada.     (Communicated  to  this  Journal). — 
On  the  North  Saskatchewan    River,  about  seventy  miles  above 
the   town  of   Edmonton,  in   the  district  of  Alberta,  in  rocks  of 
Laramie  age,  an  almost  horizontal    bed  of  lignite  may   be  seen 
cropping  out  at  intervals  in  the  river-bank  for  several  miles,  over- 
laid by  dark  gray  clay-shales  and  gray  and  yellow  soft  argillaceous 
sandstones  containing  nodules  of  clay  ironstone.     Although  none 
of  the  nodules  from   this  particular  locality  have  been  analyzed, 
similar  ones  from  Edmonton,  obtained   from   beds  of  the   same 
formation,  were  found  to  be  essentially  carbonates  of  iron  contain- 
ing 34-98  per  cent- of  the  metallic  iron. 

,  The  seam  of  lignite  has  been  completely  burned  out  over  a  con- 
siderable area,  leaving  the  surface  covered  with  a  bed  of  debris  of 
?^^^8,  clinkers  and  burnt  clay,  in  places  to  a  thickness  of  twenty 
^^^^  supporting  at   present  a  thick  growth  of  grass  and  under- 
brush.    From    this   mass   of    burnt   clay   and    cinders    pieces  of 
Dietallic  iron  can  be  readily  picked  out,  weighing,  in  some  cases,  as 
Oinch   as  fifteen    or  twenty   pounds,   doubtless  derived  from  the 
^odules  of  ironstone  mentioned  above,  which  had  been  reduced  to 
I  ^ 'Metallic  state  by  the  heat  caused  bv  the  burning  of  so  large  a 
^Jr  of  lignite. 

^."  *oat  of  the  pieces  of  iron  observed  were  very  much  rusted  and 

^x     ^o  pieces  readily  on  being  struck  with  the   hammer,  though 

snt^^     scratched  with   a  file  they   everywhere  showed  a  bright 

*^^Vva,  Dec.  11th,  1886. 

sigj^l'      -4  Partial  Report  of  the  Geology  of  Western  Te^cas ;   con- 
^  *^  of  a  general  geological  report,  and  a  journal  of  geologi- 
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cal  observations  along  the  routes  traveled  by  the  expedition  be- 
tween Indianola,  Texas,  and  the  Valley  of  the  Mimbres,  New 
Mexico,  during  the  years  1855  and  1856  :  with  an  appendix  giv- 
ing a  detailed  report  of  the  geology  of  Grayson  County,  Texas; 
by  Professor  G.  G.  Siiumard,  Assistant  State  Geologist  of  Texas 
(1858-1860.)  Austin, Texas:  State  Printing  Office,  1886.  Pub- 
lished and  edited  by  H.  P.  Bee,  Commissioner  of  Insurance,  Sta- 
tistics and  History.  145  pages  8vo,  with  plates. — The  scarcity 
of  knowledge  concerning  the  details  of  geological  structure  in  the 
vast  area  embraced  within  the  political  bounds  of  the  State  of 
Texas  is  proverbial,  and  so  inextricably  is  the  little  knowledge 
that  we  possess  involved  in  controversy  that  any  light  upon  the 
subject,  however  feeble,  is  always  welcome  at  this  time.  The 
appearance  at  this  late  day  of  a  volume  giving  the  detail  of  scien- 
titic  exploration  that  took  place  over  twenty-five  years  ago  in  that 
region  has  a  double  value.  In  the  first  place  it  indicates  a  revival 
of  interest  in  geological  investigation  by  a  State  government,  in 
which  a  once  strong  desire  to  make  known  its  resources  in  a  scien- 
tific manner,  was  almost  (Mitirely  kilk*d  by  the  wrangling  among 
themselves  of  the  scientific  men  employed  to  carry  out  its  inten- 
tions. The  knowledge  of  large  reunions  of  hitherto  unpublished 
territory  which  it  brings  to  us  is  specially  welcome. 

The  two  brothers,  Benjamin  F.  and  (xeorge  G.  Shnmard  were 
ardent  lovers  of  scientific  explonition,  and  their  names  will 
always  be  inseparably  connected  with  the  scientific  history  of  the 
southwest.  The  former  was  more  inclined  to  descriptive  paleon- 
tology, and  the  latter  to  traveling  and  collecting,  the  results  of 
his  labors  often  having  l)een  turned  over  to  his  brother  for  study 
and  }>ublication.  He  acconipanie<l  the  government  expeditions 
into  and  across  the  plains  of  Texas  and  New  Mexico,  and  espe- 
cially those  conducted  by  Captain  Randolph  B.  Marcey,  and  Lieut. 
Geo.  B.  McClellan  to  the  head  waters  ol  the  Hed  river,  in  1852, 
and  Captain  Pope's  expedition  for  boring  artesian  wells  on  the 
Staked  Plains.  In  the  year  1858  Dr.  B  F.  Shnmard  was  ap- 
pointed State  Geologist  by  the  Governor  ol  Texas,  and  he,  m 
turn,  appointed  his  l)rother  to  the  position  of  Chief  Assistant,  and 
assigned  him  to  that  vast  region  ol  norlliern  Texas  adjacent  to 
Red  river.  These  gentlemen  began  their  labors  in  a  country  at 
that  time  exceedingly  unpropitions  for  saece>sful  investigation, 
owing  to  the  scarcity  of  population,  the  hostility  of  the  (\mianche8 
and  allied  tribes,  and  the  aV)sence  of  rail  or  wat(»r  communication. 
Just  as  the  organization  was  reaching  a  period  when  it  was  ripe 
for  the  publication  of  results,  a  State  election  brought  into  power 
a  new  political  party.  An  ambitious  subordinate  poisoned  its 
executive  against  the  Shumards,  and  they  were  suspended,  their 
collections  taken  from  them,  and  their  manuscripts  lost  or  de- 
stroyed. The  volume  before  us  gives  more  of  the  results  of  the 
survey  than  any  other  |)ul)lication  made  by  the  State  of  Texas. 
It  is  true  that  Dr.  B.  F.  Shnmard  published  in  the  Transactions 
of  the  St.  Louis  and  Boston  societies,  up  to  the  time  of  his  death, 
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frs^gments  of  his  labors  as  State  geologist,  but  never,  until  the 
pr-^eent  volume,  in  the  year  1886,  did  the  State  government  pub- 
iiRhi  for  distribution  any  of  the  results  of  his  survey. 

The  volume  will  be  of  interest  at  the  present  day  chiefly  for 
piiiirposes  of  compilation.  The  stratigraphical  deductions  of  the 
SH  umards  are  now  known  to  have  been  erroneous,  and  their  sec- 
tions of  the  Cretaceous  strata  of  Texas,  as  published  by  Dr. 
ft.  P.  Shumard  in  1860,  most  assuredly  place  the  bottom  of  the 
Texas  strata  on  top,  the  top  in  the  middle,  and  all  the  other 
scibxli visions  equally  out  of  place.  Mr.  Jules  Marcou,*  in  1861, 
called  attention  to  this  discrepancy,  and  published  an  approxi- 
mately correct  ideal  section;  but  his  then  recently  published 
©■•I'oneous  opinion  concerning  the  alleged  Jurassic  age  of  certain 
T'eacas  strata  prevented  this  criticism  from  carrying  with  it  the 
w-^ight  it  deserved. 

The  portion  of  th^  work  entitled  a  "  Detailed  Report  of  the 
Geology  of  Grayson  Countj,"  is  especially  misleading,  for  it  leads 
tKe  reader  to  believe  that  in  that  vicinity  is  to  be  found  nearly 
every  representative  of  the  series  from  the  Tertiary  to  the  base 
of  all  the  Cretaceous  strata  of  Texas.  This  is  not  the  case,  how- 
e^^^r,  for  the  writer  has  examined  the  whole  region  in  person,  and 
found  that  Dr.  Shumard's  Tertiary  is  Cretaceous,  and  that  his 
"  Haower  Cretaceous"  is  really  the  very  top  of  the  great  group  of 
tile  period  which  once  covered  Texas  west  of  that  county,  and 
^^lich,  in  it,  is  partially  covered  by  the  southwestern  prolongation 
^f    Hilgard's  Mississippi  series. 

It  is  to  be  hoped  that  the  State  of  Texas  will  not  only  publish 
^^^  the  results  of  the  old  Shumard  survey  that  it  can  lay  hands 
?pon,  but  that  it  will  some  day  resume  the  geological  work  which 
*^  once  began  with  so  much  earnestness.  r.  t.  hill. 

4.  TTie    Wdshoe  Rocks,  by  G.    F.    Becker.   (Bull.  California 

A.cad.  Sci.,  Nov.,  1886. — The  views  of  Mr.  Backer  on  the  Washoe 

l^ocks,  as   published  in   188:?,  are  briefly  presented"  in  a  notice  of 

"^s  paper  in  vol.  xxvi  of  this  Journal   (p.   479).      A  subsequent 

^^tailed  study  of  Mr.  Becker's  sections  of  the  rocks  by  Messrs. 

Hague  and  Iddings,  in  connection   with  an   earlier  study  of  the 

''^gion  by  Mr.  Hague,  led  them  to  different  views,  as  stated  in  vol. 

^^x  of  this  Journal  (p.  388),  1886,  these  authors  making  out  that 

*^veral  of  the  igneous  rocks,  regarded  by  preceding  authors  as 

independent  in  age  and  mass,  were  of  the  same  age  and   mass, 

although  varying  from  scoriaceous  to  granitoid   in  texture.     To 

^he  latter  article  Mr.  Becker  replies  in  his  recent  paper. 

Mr.  Becker  states  that  he  has  new  evidence  of  the  existence,  in 

the  region,  of  diabase  as  a  pre-Tertiary  rock,  and  of  the  fact  of 

tiro  distinct  out-flows  of  pyroxene-andesite  of  different  periods. 

On  the  firet  point  he  mentions  that  six   miles  from  the  Corastock 

]ode,  in  a  Juratrias  sediment,  diabase  pebbles  occur  which  are 

yithologically  like  the  diabase  of  the  east  wall  of  the  lode ;  and 

*  Proc.  Boat.  Soc.  Nat.  Hist,  viii,  18<n. 
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that  the  two  localities  are  in  the  same  litbologieal  district.  £ 
says  that  it  is  not  necessary  or  possible  to  prove,  that  the  pebbl< 
came  from  the  Comstock  locality ;  and  recognizes,  in  a  followio 
paragraph,  the  fact  that  the  distinctions  between  the  porphyriti 
diabase  and  the  augite-andesite  of  the  Com<tock  walls  "  are  soni< 
what  refined"  and  in  many  cases  not  distinguishable  in  ban 
specimens.  Still  he  believes  that  the  distinctions  are  sustained  b; 
his  observations.  Other  arguments  are  presented  in  order  to  prof< 
succession  in  periods  of  oul-flow  in  the  different  kinds  of  rocks 
and  sustain  the  order: — porphyritic  diabase,  homblende-andesite 
pyroxene-andesite,  later  honi'blende-andesite,  pyroxene-andesite 
The  evidence  given  is  partly  litbologieal,  and  relates  to  rocki 
which  have,  as  is  implied,  these  perplexing  transitions,  so  that  i 
is  set  forth  as  probable  rather  than  positive.  The  similarity  i 
the  rock  of  the  two  walls,  claimeii  by  Messrs,  Hague  and  Iddin^ 
is  remarked  upon  adversely,  but  with  tbfe  admission  that  £^ 
question  is  difficult  to  decide. 

Mr.  Becker  states  that  he  found  the  diorite  at  the  3,000  fe: 
level  in  the  Comstock  lode,  identical  with  that  at  the  top,  ^ 
concludes  that  the  crystallization  doe^  not  vary  with  the  dep** 
and  the  same  for  the  "diabase  ;  and  in  a  belt  at  the  surface  ab^ 
7,500  feet  above  the  iSutro  tunnel,  he  failed  to  find  a  serial  p^ 
grcss  in  degree  of  crystallization.  Other  points  also  are  cone 
ered,  and  in  general  his  former  positions  are  not  yielded. 

On  the  main  question,  independent  of  Washoe,  the  differci 
between  these  observers  appears  to  be  small.  For  Mr.  Bec^l 
says  (p.  95^  that  '*it  has  never  appeared  to  me  that  a  distinct! 
between  pre-Tertiary  and  Tertiary  eruptions  was  a  natural  on 
but  '*  an  artificial  substitute;"  yethe  adds  "  which  it  would  be  i 
wise  to  abandon  until  some  available  principle  distinguishing  lit 
eroded  from  deeply  eroded  rocks  is  discovered  and  thoroughlyesta 
lisbed."  Allowing  that  the  determination  of  the  facts  by  dire 
observation  should  precede  the  attainment  of  the  needed  principJ 
and  there  would  be  agreement  here  also.  The  region  is  one  of  difl 
cult  investigation  on  account  of  the  natural  transitions  in  tt 
rocks,  transitions  also  from  the  alteration  of  pyroxene  to  hor* 
blende,  and  the  obscurity  over  the  larger  part  of  the  expose 
surfaces  on  account  of  the  deep  alteration  and  especially  along 
the  walls  of  the  lode.  Mr.  Becker  presents  his  argument 
cautiously,  making  them  probable  rather  than  positive,  and  the; 
indicate  that  he  regards  the  question  as  still  an  open  one.  The 
ap|)car  to  be  insufficient,  under  the  uncertainties,  to  set  aside  tk 
imnrobability  of  his  conclusions. 

Whatever  uncertainty  may  exist  with  regard  to  the  relatioi 
of  the  Washoe  rocks,  the  principles  deduced  from  themby  Messi 
Hague  and  Iddings  appear  to  be  placed  beyond  reasonable  d 
pute  by  later  investigations  in  Great  Britain  and  Italy. 

5.  Volcanic  Glass  chamjecl  by  heat  alone  to  Piunice.  In 
pajKT  on  Marckanite,  pearly  glassy  balls  of  volcanic  origin  (Ge 
Mag.,  June,  1886),  Professor  J.  W.  Judd  shows  that   the   amoi] 
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of  volatile  matter  present  is  large  enough  to  convert  the  glass, 
when  heated  to  whiteness,  into  cauliflower-like  masses  which  are 
true  pumice.     The  same  author  In  a  later  paper  '*  On  the  volcanic 
rocks  of  the  Northeast  of  Fifcj  Scotland,"  states  that  a  daxiite- 
gUss,  when  carefully   dried  at   110°  C.   and   then   weighed    was 
tonnd,  on  ignition,  tu  have  lost  8.90  p.  c.  of  its  weight ;  and  when 
fragments  were  heated  in  a  flame  urged  by  a  powerful  blast  they 
swelled   up  into  cauliflower-like  excrescences,  8  to  10  times  the 
oris;inal  bulk.     The  obsidian  of  Krakatao  (a  porphyritic  enstatite- 
Aacite   glass)   acted    in    the    same    way,   yielgling   a   dirty-white 
pumice,  "almost  undistinguishable  from  the  natural  pumice  which 
was  ejected   from    that    volcano  during   the* great   eruj>tion    of 
August,  1883."     The  latter  paper  is  in  Q.  J.  G.  S.,  Aug.,  1886. 

6.  North  America   in  the  Ice  Period ;  by  J.  S.  Newberry. 
(Pop.  Sci.   Monthly,  Nov.   1886). — Dr.  Newberry  reviews  in  this 
paper,  the  facts  with   regard  to  the  general  distribution  of  the 
drift  in  North  America  and  illustrates  the  subject  by  two  maps, 
one  of  North  America,  and  the  other  of  the  United  States  east  of 
the  Rocky  Mountains.     He  also  gives  the  results  of  his  personal 
observations,  especially  in  Western  America.     His  map  represents 
glaciers  as  descending  along  the  Rocky  Mountains  to  the  northern 
part  of  New  Mexico,  and  to  about  the  same  parallel  on  the  Sierra 
Nevada.     The  conclusions  drawn  from  the  facts  are  the  following: 
^^•at  the  North  American  ice  envelope  covered  nearly  or  quite  half 
of  the  continent;  that  the  Ice  period  was  a  cold  period ;  that  it  was 
^  f^sult  of  general  and  not  of  local  causes,  of  cosmical  agencies,  and 
•     oot    of  topographic  or  even  terrestrial.     With  regar^J  to  the  view 
that    no  lowering  of  the  temperature  in   the  glacier  regions  was 
necessary  to  explain  the  facts.  Dr.   Newberry    mentions   as  one 
•\®ong  many  facts,  that  on  the  Cascade  Mountains,  Oregon,   pre- 
cipit.ation  of  both  rain   and   snow  is  at  present  very  copious,  the 
suo  w-line  falling  to  7,000  feet  above  the  sea-level,  and  yet  *  there 
IS  Ho  ice  where  great  glaciers  formerly  existed;  the  precipitation 
remains 5  the  snow-fall   remains;  but  the  glaciers  are  gone  "be- 
cause of  the  high  annual  temperature."     A  depression  of  tempera- 
ture  which  should  cause  the  rain-bearing  winds  from   the  Pacific 
to  ^o  all  the  year  what  they  now  do  only  in  winter,  that  is,  heap 
"P  stiowon  the  highlands" — would  make  an  annual  accumulation  ; 
an^     thus. "the  slopes  and   valleys  would  soon   be  occupied  by 
glaoiers  as  they  were  in  former  times." 

*<  •    Geological  map  of  the  United  States;  by  C.  H.  PIitchcock. 
— ^^^rofessor  Hitchcock  has  a  paper,  accompanying  a  colored  geo- 
logical map  of  the  United  States,  in  the  Transactions  of  the  Amer- 
ican Institute  of  Mining  Engineers.     The  map  measures  18  inches 
by  ^8.  It  is  based,  as  is  stated,  on  the  map  published  in  the  6th  An- 
nual Report  of  the  Director  of  the  U.  S.  Geological  Survey,  prepared 
\>y  Mr.  W.  J.  McGee,  and  is  intended  "  to  illustrate  the  schemes 
oi  coloration  and  nomenclature  recommended  by  the  International 
ideological  Congress."      The  map  is  handsomely  printed  (by  J. 
^ien)  and  the  effect  of  the  arrangement  of  colors  is  excellent 
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"Profefisor  Hitchcock  gives  a  brief  r^sam6  of  the  history  of  Ameirv 
can  geological  maps,  and  the  special  characteristics  of  each,  ^^ 
the  following  order:  Maclure's,  1817;  James  HalPs,  1843;  LyelV^^*^ 
1845  ;  Edward  Hitchcock's,  1853  ;  J.  Marcou's,  1853,  and  again  ^^^ 
1866;  H.  D.  Rogers,  published  at  Edinburgh,  in  Keith  Johnsoi^^* 
Physical  Atlas,  1856;  Hall  &,  L(sk»y's,  published  in  vol.  i  ^ 
Emory's  Rep.  United  States  and  Mexican  Boundilry  Survey,  18d  *^ 
Logan  &  Hall's  grand  map,  publislied  1866,  as  the  Qeologi*-^* 
map  of    Canada — the  only  map  hitherto  published  which  ci      * 


Hitchcock's  large  maj)  of  1881,  published  by  Julius  Bien;  McGe^ 
map,  U.  S.  Geo).  Survey,  of  1885. 

In  a  note.  Professor  Hitchcock  states  that  Mr.  J.  Marcou's  ci 
tensive  '*  Mapoteca  Geologica  Americana,"  published  as  No.  7 
the  Bulletins  of  the  U.  S.  Gec^logicjil  Survey,  has  j;n  importa. 
omission,  in  making  no  mention  of  the  great  Canada  mapof  Logr 
&  Hall.      The    paper  states  also  the  reasons  of  the  author  U 
disagreeing  with  the  author  of  the  *' Mapoteca"  in  other  re8|>ect»^ 

8.   Tertiary  Fossils:    Geological  Surnet/  of  Alabama,  1886. — -^ 
This  volume  contains  a  l^eiitiiinary  Meport  on   Tertiary  Fossi^^ 
of  Alabama  and  Mississippi,  by  T.  H.  Aldrich,  and  Contribv^" 
tions  to  the  Eocene  PaleojUology  of  Alabama  and  Mississippi 9 
by  Otto  Meyer. — The  former  paper  is  illustrated  by  six  litho- 
graphic j)lates,  and  the  latter  by  three.     The  excellent  work  of 
Messrs.  Aldrich  and  Meyer  is  doing  much  to  remove  the  doubts 
and  obscurities  connected  with  the  Gulf-border  Tertiary  fossils. 
Professor  E.  A.  Smith,  the  State  Geologist,  opens  the  volume  (of 
00  ])ages)  with  a  brief  account  of  various  stratigraphical  sections 
of  the  Tertiary.    In  his  preface  he  mentions  that  this  Bulletin,  No. 
1,  "is  the  first  contribution  toward  a  work,  undertaken  by  Mr. 
Aldrich,  illustrating  the  paleontology  of  the  Tertiary  formation 
of  Alabama,  and  that  the  work,  with  its  plates  and  other  illustra- 
tions, is  to  be  the  gift  from  Mr.  Aldrich  to  the  State  of  Alabama. 
It  will  embrace  figures  and  descriptions  of  all  the  shells  found  in 
the  Tertiary  deposits  of  the  State,  and  include  reproductions  of 
the  figures  already  published  elsewhere."    "  Mr.  Aldrich  furnishes 
gratuitously  not  only  the  text  of  his  article  but  also  provides,  at 
ins  own  expense,  the  entire  printed  edition  of  the  plates  illustrat- 
ing both  his  own  and  Dr.  Meyer's  articles." 

"9.  Geological  Survey  of  Alabama,  Eugene  A.  Smith,  Ph.D., 
State  Geologist.  On  the  Warrior  Coal  Field,  by  H.  McC alley, 
Chemist  and  Assist.  Geologist,  Montgomery,  Ala.,  572  pp.  8vo, 
18S0. — This  volume  is  devoted  to  a  detailed  description  of  the 
principal  coal  field  of  Alabama.  The  number  of  consecutive  beds 
m  this  extensive  coalfield  is  stated  to  be  35;  of  which  15  are 
over  2^  feet  thick  and  0  of  4  feet  or  over.  It  is  stated  that  the 
coal  beds  appear  to  thin  toward  the  northwest.  An  estimate  puts 
the  amount  of  available  coal  in  the  Warrior  coal  region  from  the 
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?^*s%  ms  over  eighteen  inches  in  ihickneRS,  above  108,000,000,000  tons, 
w'liich  is  "three  times  that  of  the  estimated  available  bitaiiiinous 
arB<i  Hemi'bituminous  coals  of  Pennsvlvania." 

10.  Geological  Report  of  New  Jersey  for  1885.  228  pp.  8vo. 
— Speakiiifi^of  the  junction  of  the  i^otsdam  sandstone  and  Archaean 
in  New  jersey,  at  two  localities  in  Sussex  county,  Professor 
Cook  states  that  the  actual  plane  of  contact  is  obscured  by  the 
oocurrence  of  so  much  feldspar  in  the  sandstone  as  to  present  the 
appearance  of  a  gradual  transition  into  the  older  rock.  Besides 
the  general  feldspathic  character  of  the  Potsdam,  fragments  and 
masses  of  the  Archaean  are  imbedded  in  it.  These  facts  are  simi- 
lar to  those  that  have  been  reported  from  the  vicinity  of  the 
junction  both  north  and  south  of  the  Archaean,  on  the  west  side 
of  the  Hudson  River.  They  tend  to  show  that  theTriassic  was  a 
valley  or  estuary  formation. 

A  map  of  Sandy  Hook  in  the  report,  facing  the  title  page, 
.?ives,  beside  the  outline  for  1885,  the  outlines  from  a  survey  in 
1685,  also  in  1766,  and  later  lines  from  the  U.  S.  Coast  Survey. 
^he  increase  in  length  and  breadth  since  1685  has  given  more' 
^"an  four  times  the  area  it  then  had.  A  map  is  given  of  Little 
^-gg  Harbor  showing,  since  1841,  that  the  drifted  sands  have  pro- 
longed the  north  point  of  the  entrance  nearly  3  m.  S.W.  and 
^^osed  the  old  inlet.  At  Holly  Beach  a  similar  change  has 
^^kei)  place  by  a  southward  drift  of  the  sands  along  the  beach, 
whicli  has  also  shortened  in  the  north  end. 

11.  Freshwater  Invertebrates  of  the  JV.  A.  Jurassic. — Bulletin 
£^  of  the  U.  S.  Geological  Survey  is  occupied  with  a  paper  by 

.  *"•  C.  A.  White  on  the  freshwater  invertebrates  from  the  Juras- 
®jc  rocks  of  Dakota,  Colorado  and  Wyoming.  The  genera  of 
^'^Us  represented  are  Unio  (7  species),  Limmva  (3),  Pkutorhis, 
If^^icifeo',  Valvata,  Viviparus^  Lioplncodes,  Neriiina  ;  and  the 
^^tfacoda,  according  to  the  best  English  authority.  Professor  T. 
j^^pert  Jones,  to  whom  they  were  submitted,  include  Metacyjyris 
^^btsii  Jones,  besides  other  species  of  the  same  genus,  Uarxcin- 
t~^    legum'niella  Forbes,  and   several   yet  un described  species  of 

l/J^ris.  The  memoir  is  illustrated  by  four  plates. 
jl^^2.  Modern  Petrography^  an  accou?it  of  thfi  appllcatioyi  of  the 
'^^^<^08c<)p€  to  the  study  of  Geology  ;  b\'  Gkokge  H.  Williams. 
^^  pp.  Boston,  1886  (Monographs  on  Education,  D.  ('.  Heath  & 
^-) — This  is  an  interesting  essay,  telling  of  the  methods  of 
^^<iroscopical  Petrography,  and  calculated  to  give  to  the  reader 
Z|^*^c4hing  of  the  enthusiasm  for  the  subject  which  is  felt  by  the 
^l^ticr.     Its  usefulness  to  teachers  is  increased  by  the  bibliogra- 

^y^  suggestions  as  to  instruments,  etc.,  given  at  the  end. 
j^      ^3,  iStronieyerite  from   Mexico. — Dr.    Konig   has   analyzed   a 
^^^oimen    of    stroraeyerite   from    Zacatecas   with    the   following 

^^Ults: 

S  Ag  Cu  IdsoI. 

.^^^  15-81  60-18  33-69  0*26  =  99-94 

.pi^  corresponds  to  the  formula  (Ag,  Cu),S  with  the  ratio  of 
"^^r  to  copper  sulphide  nearly  1 : 1,  or  exactly  47  :  63.     The  min- 
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eral  occurs  in  imperfect  prismatic  crystals  on  quartz;  the  spec 
gravity  was  6-230. — Proc,  Ac,  Nat,  Sc,  Pfnlad.^  p.  281,  1886. 

14.  StUvenite,  an  alum  from  Chili. — Dr.  Darapsky  has  recei 
described  a  scries  of  Chilian  alums  derived  from  the  abando 
mine  Aleaparrosa  near  Copiapo.  One  of  these  occurred  in  slen 
acicular  crystals,  2  or  3  inches  in  length.     An  analysis  yielded 

SO,  AlaOa         MgO        Na,0       KjO  HjO 

(I)  36-1  11-6  1-0  2-7  tr.         47'6 

This  corresponds  to  (Na„  Mg)SO,  +  Al,S,0,,  +  24H,0.  To 
alum  the  name  Stttvenite  is  given  after  the  mining  engii 
Enrique  Sttiven.  The  paper  from  which  this  is  taken  closes  \i 
a  discussion  of  the  mutual  relations  of  the  numerous  spec 
hydrous  sulphates  of  alumina  with  potash,  soda,  magnesia,  li 
manganese,  zinc  and  iron. —  VerhandL  toissensch,  Vereins  Santia 
p.  105,  1886. 

15.  An  artificial  cri/stallized  Silico-carbonate. — Rammelsbe) 
who  some  years  ago  described  crystals  of  gay-lussite  obtaii 
from  soda  lye  at  the  chemical  manufactory  of  Dr.  Reidemeis 
at  Schonebeck,  has  recently  given  an  account  of  a  silico-carboni 
of  alumina,  lime  and  soda  obtained  from  the  same  source.  T 
is  found  in  tabular  crystals,  which  belong  to  the  orthorhoml 
system.     They  yielded  on  analysis: 

SiO.,  CO,  AUOs  CaO  Na,0  H,0 

22-75  14-99  7-38      •    13-28         22-37  [19-23]  =  100 

This  coresponds  to  a  compound  of  the  normal  silicates  and  c 
bonates  of  alumina,  lime  and  soda  or  simj)ly  R(Si,  C)0,  +  -V^! 
This  compound  is  particularly  interesting  because  related  to  I 
natural  silico-carbonate  cancrinite.  Rammelsberg  suggests  tl 
the  formula  of  cancrinite  may  be  written  2R,(Si,  C)0,  +  3R^( 
C)04,  assuming  that  SiO  and  CO,  play  the  same  role,  as  in  I 
artificial  compound  descnbed. 

III.    Botany  and  Zoology. 

1.  Bulletin  of  the  Congress  of  Botany  and  Horticulture 
St,  Petersburg. — The  botanists  and  horticulturists  held  an  int 
national  congress  at  St.  l*etersburg  in  May,  1884.  The  BuUe 
du  Congr^s^  printed  in  1885,  has  now  just  reached  us  at  the  cl" 
of  the  year  1886,  It  is  an  imperial  octavo  volume  of  335  pas 
largely  ill  French,  partly  in  Russian  and  German,  with  one  arti 
in  English. 

The  latter  is  ^^Nbtes  on  the  genus  Lilium^'*  by  H.  T.  Elwes, 
author  of  the  sumptuous  Monograph  of  the  Lilies  (which  i 
completed  in  1880),  and  one  of  the  two  British  delegates  at 
Congress.  The  article  closes  with  a  list  of  the  Lilies  at  preS' 
known,  51  species,  with  principal  synonyms  and  habitat.  1 
only  species  added  in  these  last  few  years  are  three  by  Brossiei 
the  last  volume  of  the  Flora  Orientalis,  which  may  not  hold  go 
Mr.  Elwes  doubts  whether  many  more  are  to  be  expected,  exc 
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from  the  Cbino-Hiroalayan  region.  He  records  some  interesting 
details  respecting  the  cultivation  and  the  constitutional  disposi- 
tion of  yarious  species;  he  finds  it  ''an  important  point  in  the 
cuitore  of  delicate  lilies,  that  the  ground  in  which  they  are  planted 
should  be  already  occupied  by  the  roots  of  shrubs  or  plants  which, 
without  overgrowing  the  lilies  entirely,  will  have  the  effect  of 
keeping  the  soil  drier  and  more  open  '';  he  confirms  what  he  had 
said  "  as  to  the  extreme  difficulty  of  raising  hybrid  lilies  from 
seed,'*  and,  in  view  of  the  insufficiency  of  dried  specimens  in  such 
plants,  and  the  remarkable  differences  in  the  bulbs  which  he  has 
pointed  out,  he  impresses  the  importance  of  studying  them  in  life. 
This  he  has  done  aoove  all  others. 

Mr.  Lynch,  the  curator  of  the  Botanic  Garden  of  Cambridge 
University,  in  a  brief  paper  with  some  figures,  explains  the  method 
of  cultivating  aquatic  plants,  such  as  water-lilies,  which  he  has 
made  so  successful. 

Bailion  has  an  interesting  memoir  on  what  he  terms  ovaires 
<zoropy/^,  namely  ovaries  open  at  the  top  at  the  time  of  fecunda- 
tion, and  which  are  or  may  be  fecundated  either  directly  by 
the  de)K>sit  of  pollen  upon  the  projecting  or  imperfectly  enclosed 
nucleus  of  the  ovule,  as  he  shows  in  certain  cases  in  RJtsum,  or 
by  the  growth  of  pollen-tubes  down  a  pervious  passage  through 
the  ovarian  walls  widely  distant  from  the  stigmas,  as  in  Passiflora. 
The  borders  of  the  orifice  at  the  apex  of  the  ovary,  between  the 
reflexed  styles,  in  Pasaiflora  cceruUea^  appear  to  excite  the  growth 
<^|  pollen-tubes  even  more  readily  than  the  stigmas  themselves. 
^'or  the  difficulty  of  fecundating  this  species  is  well  known  ; 
l>ut  Bailion  now  tells  us  that  the  French  gardeners  have  long 
known  how  to  do  it,  by  application  of  the  pollen  to  the  top  of  the 
ovary  between  the  bases  of  the  styles  I  Bailion  says  that  there 
^^^  many  other  angiospermous  plants  with  open  ovary.  Those 
^ys'ematists — just  now  in  the  majority — who  relegate  the  Gym- 
iiospenns  to  a  position  far  away  from  the  other  Dicotyledons, 
should  compare  all  this  with  the  structure  and  fecundation  of 
On€tfic€(B,  and  reconsider. 

The  essay  by  Timarizeff  on  the  function  of  chlorophyll  was 
^'nc  time  ago  noticed  in  this  Journal.  So,  also  the  paper  of 
Afaximowicz  upon  the  vegetation  of  Mongolia  and  northern  Tibet 
in  the  light  of  recent  collections  by  Russian  explorers. 

A  second  communication  by  Mr.  Lynch  should  not  be  over- 
looked. It  18  upon  the  tubers  of  TMadiantha  dubia^  which  look  like 
small  potatoes,  and  by  which  this  rather  pretty  cucurbitaceous 
plant  propagates  in  the  gardens  freely,  not  to  say  exclusively,  for 
the  female  sex  is  rarelv  seen.     We  took  it  for  granted  that  these 
were  true  tubers,  but  Sir.  Lynch  shows  that  they  are  thickenings 
of  roots,  that  they  form  even  on  the  primordial  root  of  the  seed- 
ling, as  well  as  upon  secondary  fibrous  roots,  and  that  the  sprouts 
are  adventitious  buds.    Mr.  Lynch  says  that  all  the  seeds  he  has  re- 
ceived and  raised  gave  rise  to  male  plants,  and  that  the  female  is 
unknown  in  England.     We  have  had  both  in  cultivation,  but  the 

Am.  Jour.  Sci. — Third  Series,  Vol.  XXXITI,  No.  193.— January,  1887. 
ha 


82  •  Scientijie  InuUi^eiice, 

female  soon  died  out,  while  the  male,  thanks  to  these  false  tubers, 
has  become  a  weed. 

Equally  interesting  to  poraolosrists  and  to  botanists,  is  a  com- 
munication in  Russian,  by  a  M.  Wilkins,  who  sends  from  Feringha 
in  the  province  of  Khiva,  the  figures  of  peach-stones,  filling  two 
folio  plates,  with  explanations, — designed  to  show  the  presumed 
genealogy  of  the  varieties:  it  is  an  instructive  series.  Happily, 
Dr.  Maximowiez  gives  an  abstract  of  the  paper  in  French,  and  ap- 
pends some  notes.  He  remarks  that  while  in  Western  Asia  and 
Europe,  where  the  peach  is  prized  as  a  fruit,  it  is  this  which  has 
developed  so  many  and  great  variations,  while  in  China  and 
Japan,  where  ripe  peaches  are  less  esteemed  (being  thought  un- 
wholesome), and  the  tree  enters  into  ornamental  cultivation,  it  is 
the  flowers  which  are  greatly  varied.  a.  g. 

2.  MixoR  Botanical  Notes. — Mr.  Maw  has  completed  his 
Monograph  of  the  (jenns  Croats,  a  superb  royal  quarto  volume, 
with  81  hand-colored  plates,  maps,  vignettes,  &c.,  published  by 
Dulau  &  Co.,  London.  From  Beccari  we  have  received  the  second 
part  of  the  third  volume  of  Malesf'a,  mainly  devoted  to  Asiatic 
l*alms.  Part  12  of  the  second  volume  of  the  new  (Botanical) 
series  of  the  Transactions  of  the  Linnean  Society  of  London  is 
occupied  with  a  paper  by  Mr.  Fawcett,  of  the  British  Museum, 
On  new  species  of  Balanophora  and  Thonniugia^  with  a  note 
on  Brugniansia  Lowii  ;  with  four  fine  plates. 

Jahrhuch  des  KoiiigL  botanischen  Gartens  und  des  botanischen 
Museum  zu  Berlin^  Band  iv,  edited  by  Professor  Eichler,  Dr. 
Garcke,  and  Dr.  Urban,  has  just  appeared.  The  larger  papers  are 
by  E.  Fischer  on  the  Phalloide(Pf'  Loew,  on  the  relations  of  insects 
to  plants  in  the  Botanic  Garden  (an  extensive  article,  which  we 
propose  to  give  some  account  of) ;  Wenzig  on  Old  World  Oaks; 
Urban,  Miscellanea  in  the  Botanic  Garden  and  Museum  and  on 
PoUenisation  in  Loasucece;  and  Schumann,  on  Comparative  Morph- 
ology of  the  Flowers  in  the  cucullate  StercidiacecB.  We  learn  with 
great  sorrow  that  Dr.  Eichlei's  health  is  seriously  impaired, 

J{ece?it  additions  to  Canadian  Filirineoe^  by  T.  J.  W.  Burgess, 
forms  an  article  of  10  pages,  quarto,  in  the  Transactions  of  the 
Royal  Society  of  Canada,  just  issued. 

Additions  to  ths  Flora  of  Washington  and  vicinity  (i.  e., 
additions  to  Mr.  Ward's  excellent  catalogue),  i>y  F.  H.  Knowlton, 
make  a  pamphlet  separately  issued  from  the  third  volume  of  the 
Proceedings  of  the  Biological  Society  of  Washington. 

History  and  Biology  of  the  Pear-blight^  by  J.  C.  Arthur,  is  the 
thesis  presented  for  the  doctorate  in  science  to  Cornell  University 
in  June  last,  and  now  published  by  the  author  in  the  Proceedings 
of  the  Philadelphia  Academy  of  Natural  Sciences,  24  pages  8vo, 
and  a  plate.  The  whole  history  of  this  fearful  blight  is  given  in 
detail,  the  most  curious  fact  being  that  it  is  peculiar  to  Atlantic 
North  America,  where  it  has  been  known  for  almost  a  hundred 
years.  The  plate  gives  figures  of  the  bacterium,  which,  according 
to  Professor  Burrill's  discovery,  produces  the  disease ;  also  the 
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x)og}8ea  grown  from  it  in  cultivation  in  hay  and  potato  infusion. 
The  name  of  this  destructive  bacterium,  given  by  Professor 
Jarrill,  the  discoverer,  was  Micrococcus  amylovorus^  which,  "  by 
t  typographical  error"  was  in  a  reprint  of  the  author's  original 
>aper  "  made  to  read  M,  amylivorus,  a  mistake  which  has  been 
Jopied  into  other  works,"  says  Dr.  Arthur.  We  should  say  that 
*he  latter  was  rather  the  correction  of  an  original  mistake,  "which 
should  have  been  accepted  with  thanks,  unless  iiideed  the  bacteri- 
ologists are  super  grammaticum  and  prefer  to  write  carnovorus 
*nd  insectovorus  and  graminovorus,  which  is  not  likely. 

I.  Freyn,  of  Prague,  has  recently  published  several  articles  on 
Ranunculus,  and  is  engaged  in  a  complete  elaboration  of  the 
European  species.  In  furtherance  of  his  work  he  solicits  ex- 
^banges  with  American  botanists. 

^cta  Horti  Petropolitani,  tom.  ix,  fasc.  2,  is  just  received.  The 
fticle  which  most  interests  us  is  on  the  plants  of  the  Commander 
l^nds,  i.  e.,  Bering  Island  and  Copper  Island,  next  to  the  coast 

Samtschatka,  being  a  list  of  the  species  collected  by  two  Rus- 
^«3  Doctors,  in  1879  and  1881.  To  our  surprise  the  Bryanthus 
^^dhi  is  not  among  them.  Dr.  Herder  gives  a  complete  enum- 
^"tion  and  determination  of  George  Forster's  Icones  Plantarum 

'9tinere  ad  insidas  maris  australis  coHectanim^  cum  tahidis  oeneis 

^uobus  pictis^  two  volumes  in  folio,  of  which  the  Petersburg 
^Tden  possesses  an  unique  copy.  The  volume  also  contains  the 
^lariijer  liegers  fine  Man  agraphia  generis  Eremostachys^  with 
*^  large  plates. 

f^atcUogus  Systematicus  Bibliothecce  Horti  ImpericUis  Botanici 
^tropolitani^  a  new  edition,  by  Dr.  Herder,  forms  a  large  8vo 
^lume  of  510  pages,  with  complete  indexes;  a  valuable  volume. 

Sir  Joseph  Hooker's  Primer  of  Botany  has  been-  issued  in  a 
'•Wrd  edition,  revised  and  considerably  enlarged,  especially  by  sec- 
^^ODi*  on  the  general  nature  and  work  of  plants,  on  their  tissues, 
^beir  food,  assimilation,  etc.  The  primer  now  has  143  pages,  about 
twenty  more  than  in  the  second  edition. 

Mr.  N.  L.  Britton,  of  the  Torrey  Herbarium,  has  contributed  to 
the  Bulletin  of  the  Torrey  Botanical  Club,  vol.  xiii,  no.  11,  a 
Preliminary  List  of  the  North  American  species  of  Cyperus,  with 
lescriptions  of  new  forms,  a  recast  of  the  genus,  witli  two  new 
pecies,  C\  Hdlei  and  C.  Wrightii^  and  several  varieties.        a.  g. 

3.  Bulletin  of  the  American  Museum  of  Natural  History,  \o\, 
,  No.  7,  Central  Park,  New  York. — The  number  lor  July  con- 
ains  the  following  memoirs  :  Description  of  a  Squirrel,  Spenyio- 
^hilfis  tereticaudus  of  Arizona,  E.  A.  Means  ;  Life  history  of 
imblystoma  opacum^  and  on  Scaphiophus  Holhrooki  Col.,  N. 
*1KB ;  Revised  list  of  birds  of  Massachusetts  and  on  Colinua 
"iidgioayi  of  Arizona  (with  a  fine  colored  plate),  J.  A.  Allen. 
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IV.    AstROXOMY   AND  MATHEMATICS. 

1.  77^  Argentine  General  Catalogue. — ^This  CaUilogue 
Soolhera  Stars  forms  volume  xiv  of  the  ItesuUadoe  del  Mseri 
torio  Ndeional  Argentina  aod  contaios  positions  of  soathem  st: 
observed  by  Dr.  Gronld  with  the  meridian  circle  at  Cordo 
In  forming  the  observing  lists  the  stars  needed  for  rednciaa 
the  zones  and  the  stars  of  the  Uranometry  were  first  disposed  o 
then  those  stars  remaining  of  Lacaille  and  Brisbane,  and  t.1] 
bright  southern  ones  of  Lalande.  To  these  were  then  adcle^ 
stars  from  Gilliss,  Tarnall,  Moesta  (2),  Stone's  Maclear,  £llei-j 
and  from  the  Cordoba  Zones.  Most  of  the  stars  brighter  thar 
8^  magnitude  must  have  been  observed,  especially  most  of  those 
south  of  the  parallel  23^  S.  The  current  numbers  run  to  32,448, 
though  clusters  that  are  added  will  increase  the  total  by  more 
than  a  thousand  stars.  These  figures  show  the  magnitude  of  Or. 
Gould's  work,  and  the  importance  of  the  catalogue  in  Southern 
Stellar  Astronomy.  It  is  very  rare  that  there  is  occasion  to  take 
note  of  such  a  remarkable  contribution  to  the  science. 

2.  Theory  of  Magnetic  Measurements  with  an  Appendix  ^^* 
the  Method  of  Zeast  Squares  '  by  Francis  E.  Nipheb.  94j>p- 
8vo.  New  York,  1886  (D.  Van  Nostrand).— The  experience  ^^i 
the  author  has  enabled  him  to  write  a  volume  containing  mucr^^ 
that  will  aid  other  observers  in  the  same  field. 

V.  Miscellaneous  Scientific  Intelligence. 

1.  Precious  Stones  in  Nature,  Art  and  Literature^  by  S.  ^^\ 
BuRNHAM.  400  pp.,  large  8vo.  Boston,  1886  (Bradlee  Whiddenm  ) 
— This  is  a  handsomely  printed  volume,  written  in  an  attracti"^^ 
style  and  giving  much  information  «)f  interest  to  the  general  pa  ^ 
lie.  The  scientific  portion  of  the  work — a  small  part,  indeed,  ^' 
not  quite  as  accurate  as  might  have  been  desired. 

2.  Transactions  of  the  Royal  Society  of  Canada,  Vol. 
1886.  (Dawson  Bros.). — This  valuable  volume  contains,  amo 
the  ))apers  in  the  sections  on  physical,  chemical  and  natui 
science :  A.  Johnson,  on  tidal  observations  in  Canadian  water"^ 
Dr.  Hunt,  on  a  natural  system  in  mineralogy  ;  Dawson,  on' t  ^* 
Mesozoic  floras  of  the  Rocky  Mountain  region  in  Canada ;  E.  ^ 
Chapman,  on  a  hematite  mine ;  G.  F.  Matthew,  on  the  Fauna  ^ 
the  8t.  John's  Group;  H.  R.  Wright,  on  the  skull  and  auditc^^J'i 
organs  of  Hypophthalmus,  and  others.  There  are  also  in  t*  ■* 
other  sections,  many  papers  on  archaeological  subjects  and  ^^ 
historical  and  other  topics.  . 

3.  Journal  of  Morphology, — This  Journal  of  "Animal  Mor^^^ 
ology"  is  announced  by  Ginn  &  Co.  of  Boston  as  to  appear  ea^^' 
in  1887.  Two  numbers,  of  from  100  to  150  pages  each  and  5  ^ 
10  double  plates,  will  be  issued  a  year,  at  $6.00.  C.  O.  Whitm-  ^ 
of  Milwaukee,  Wis.,  is  to  be  the  editor,  with  the  promis 
cooperation  of  many  zoologists,  the  list  commencing  with  t 
names  of  Dr.  J.  Leidy  and  E.  D.  Cope  of  Philadelphia. 
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4-.  Papers  of  the  Berkshire  Historical  and  Scientific  Society, 
.3e  pp.  8vo.  Pittsfield,  1886.— This  first  volume  of  the  Berkshire 
Society  contains  four  papers :  On  Berkshire  Geology,  by  J.  D. 
r>A5irA;  On  the  western  boundary  of  Massachusetts,  by  F.  L. 
Pops;  the  Judicial  history  of  Berkshire,  by  H.  W.  Taft;  the 
Early  roads  and  settlements  of  Berkshiqe  west  of  Stockbridge 
and  Sheffield,  by  H.  F.  Keith. 

5.  Journal  and  Proceedings   of  the  Royal  Society   of  New 
South    Wales^   vol.    xix,    1885.     A.    Livbbsidge,   Editor. — This 
volume  of  the  Royal  Society  of  New   South   Wales   contains, 
among  its  papers,  the  following:  on  Local  Variations  and  Vibra- 
tions of  the  Earth's  Surface,  by  H.  C.  Russell,  with  five  dia- 
rfus;  on  Causes  of  Decay  of  the  Australian  Forests,  by  Rev. 
HdACPHERSON ;   on  the  History  of  Floods  in  the  Hawesbury 
Bivcr,  by  J.  P.  Josephson;  on  the  Characters  of  the  Adelong 
ya».rtz-reefs,  by  S.  H.  Cox;  on  the  Ringal  of  the  Northwestern 
ffirt^alaya,  by    Dr.  Brandes,   besides   others;    preceded .  by    the 
i^^ress  of  the  President,  H.  C.  Russell.     The  cause  of  decay  in 
^h^     Australian  forests,  after  much  investigation,  was  traced   to 
^^^     Opossums,     The  leaves  of  Eucalyptus  were  eaten  and  each 
•^.^■•gin  thus  deeply  scolloped.     This  was  proved  to  be  the  way 
vit^Vi  a  captive  opossum;   and  it  was  further  proved   that  one 
dpoesnm  would  devour  about  200   leaves  a  night;   and  conse- 
jJ^-^Btly   shown   that   the    18,000    opossums   killed    annually    in 
^c>ii.nty  Grant,  Victoria,  were  sufficient  to  destroy  upwards  of 
l^>O00  trees  and  lay  bare  a  space  of  700  acres,  or  more  than  a 
s^l^are  mile. 

OBITUARY. 

Isaac  Lea. — Isaac   Lea  died  at  Philadelphia  on  the  8th    of 
^^cember  last  in  his  ninety-fifth  year,  after  a  life  of  enthusiastic 
^^votion  to  science  and  great  success  in  scientific  work.     He   was 
"^rn  in   Wilmington,  Delaware,   on  the  4th  of  March.     His  resi- 
dence in  Philadelphia  began  when  fifteen  years  of  age ;  and   at 
l^enty-two,  in    1814,   he  and  his  friend,  Mr.  Lardner  Vanuxem, 
^^ter  Professor  Vanuxem,  of  the  Geological  Survey  of  New  York, 
^came  members  of  the  Academy  of  Natural  Sciences  of  that  city, 
^^s  contrib  III  ions  to  science  began  and   ended   with  the  depart- 
"■^^^Tit  of  mineralogy.     But  his  chief  memoirs  and  works  are  devoted 
^^  the  departments  of  modern  conchology  and  fc«ome  departments 
^^    paleontology.      His    investigation    of  the    American    Unios 
"^gan  in  1825  on  receiving  some  specimens  through  Major  Long, 
»»'oni  the  Ohio  river;  and  when  it  closed  in  1874,  he  had  published 
tbirteen  volumes.     The  difficulties  in  discriminating  species  ansing 
ffom  varying  forms  in  ihe  shells  he  endeavored   to  overcome   by 
?.8tady  of  the  animals,  and  accomplished  much  in  this  direction, 
^is  researches  were  extended  to  the  fresh-water  shells  of  other 
PP'^linents;  and  they  included  besides  UnionidaB,   also  species  (»f 
"l^'anidae,  Paludinidae,  Helicidse,  and  other  freshwater  species.  The 
<^t/ier  large  field  o«'<cupied  by  him  was  that  of  the  Tertiary  shells 
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of  eastfrn  North  America.  His  attention  was  called  to  th< 
in  the  Claiborne  bluffs  in  1829.  His  '*  contributions  to  Ge 
in  1833,  in  which  year  he  published  a  series  of  paper 
included  all  in  a  volume  of  226  pages,  embraced  discripti( 
figures  of  221  species  of  Tertiary  shells,  from  Maryland  an 
Jersey  as  well  as  Alabama.  Later  he  described  fossil  si 
Oolitic  agejfrom  Grenada;  Unio-like  species  from  the  C 
ferous  of  Pennsylvania;  a  fossil  reptile  (for  which  he  ine 
the  genus  Clepsysaurus)  from  the  Juratrias  of  Pennsylvi 
paper  (in  1864),  on  large  foot-marks  from  the  Subcarboi 
red  sandstone  of  Pottsville,  of  which  he  published  a  gr^nc 
graphic  plate,  of  natural  size — the  discovery  carrying  amp 
bacK  geologically  to  an  earlier  period  than  before  know 
papers  on  some  feldspars. 

The  establishment  of  this  Journal  in  18 J  8  owes  much 
Lea,  who  responded  with  zeal  to  a  request  from  Professc 
man  .for  his  '*  kind  countenance  and  favor  "  and  for  "  contri 
to  its  pages,"  by  procuring  at  once  and  sending  on  (April  Z 
the  names  of  more  than  a  dozen  subscribers,*  the  last  of 
has  now  passed  away  in  his  own  decease,  after  the  public? 
the  132nd  volume. 

Mr.  Lea  was  married  in  1821  to  Miss  Carey,  daughter 
well  known  Philadelphia  publisher, Matthew  Carey;  and  foi 
years  he  was  also  a  partner  in  the  publishing  house.  Mr 
a  companion  of  congenial  tastes  and  an  amateur  in  botany, 
ially  the  department  of  forest  trees  of  America  and  Europ 
in  1873.  Three  children  survive  him,  Henry  Charlet 
Matthew  Carey  Lea  and  Miss  Frances  Lea. 

Mr.  Lea  became  a  member  of  the  American  Philos* 
Society  in  1828;  was  President  of  the  Academy  of  J 
Sciences  of  Philadelphia  from  1853  to  1858;  and  was  ele« 
honorary  membership  in  many  foreign  scientific  societie 
received  the  degree  of  Doctor  of  Laws  from  Harvard  ii 
A  complete  detailed  list  of  the  publications  of  Dr.  Lej 
a  biographical  sketch,  is  contained  in  number  23  of  the  I 
of  the  United  States  National  Museum,  prepared  by 
ScuDDER.  It  speaks  of  Dr.  Lea  in  his  94th  year,  as  still  " 
with  good  health,  his  mental  and  physical  faculties  unimp: 
and  so  it  continued  to  be  until  ten  days  before  his  decease. 

The  Klemente  of  Chemical  Arithmetic  with  a  short  system  of  Eh 
QualiUitive  Analysis,  by  J.  Milnor  Coit,  Ph.D.  89  pp.  8vo.  Boston,  18i 
Heath  A  Co.) 

A  Manual  of  Lithology,  by  Edward  H.  Williams.  135  pp.  I6mc 
York,  1886  (John  Wiley  &  Sons). 

Causeries  Scientifiqiies,  Decouvertes  et  Moentions,  Progr^s  de  la  Sciei 
rindustrie,  par  Henri  de  Parvill,  25  tom  ann^e,  1885.  Pans.  1887  (J.  Ro( 
A  popular  volume  telling  of  some  of  the  "-ecent  advances  made  in  scientific 
or  investigation. 

Lectures  and  Kssays  by  the  lale  Wm.  K.  Clifford,  F.R.S.,    edited  b 
Stephen   and  Frederick   Pollock   with  an   introduction  by  F.  Pollock. 
Edition.    443  pp.   8vo.    London  and  New  York,  1886  (Macmillan  &  Co.). 

*  A  list  of  these  subscribers,  in  a  letter  from  Dr.  Lea,  is  published  ii 
XX vi,  1883,  of  this  Journal,  on  page  79. 
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-Art.  X. — KUauea  after  the  Eruption  of  March,   1886  * 

With  Plates  I  and  11. 

Communication  to  Professor  W.  D.  Albxandbr,  Surveyor 

General  of  the  Hawaian  Islands,  hy  J.  S.  Embbson,  Assistant 

in  the  survey,  dated  Aug.  27, 1 886 :  On  Observations  i?i  KUauea 

^lade  between  March  24th  and  April  14th,  1886.   (With  Plate  I.) 

•  .  .  I  reached  the  Volcano  House  soon  afternoon,  March  24th 
"7^  days  after  the  eruption)  and  remained  three  weeks,  until 
pril  llth.     During  much  of  this  time  the  rain,  drizzle  and 

interfered  materially  with  my  work,  but  I  had  enough  clear 
eather  to  accomplish  most  of  what  I  had  proposed  to  do. 
Vith  the  kind  assistance  of   the  photographer,  Mr.  T.  P. 
Venn,  I  measured  a  base  line,   3532  feet  in  length,  on  the 
plain  above  the  crater,  near  its  northwest  edge.     With  this  base 
V^itje  I  connected  by  triangulation  the  main  points  of  my  survey, 
filling  in  the  details  with  a  telemeter  rod.     Particular  attention 
^aspaid  to  measuring  vertical  apgles,  from  which  I  was  enabled 
^compute  the  true  height  of  every  point  located  on  the  ac- 
companying map,  referred  to  the  veranda  floor  of  the  Volcano 
house  taken  as  datum.     In  addition  to  the  information  given 
on  the  map,  I  would  add  the  following. 

*  For  the  communications  here  published,  on  the  oondition  of  Rilauea  since  the 
eruption  of  the  6th  of  last  March,  the  editors  arc  indebted  to  Professor  Alex- 
^der.    A  brief  account  of  the  eruption  is  contained  in  vol.  xxxi,  p.  397  (May, 
1886.) 
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During  my  stay  no  molten  lava  was  anywhere  visible  in  the 
entire  crater.     At  certain  points  of  easy  access,  a  stick  coald 
be  lighted  by  thrusting  it  down  a  crack  so  as  to  bring  it  in 
contact  with  the  red  hot  rocks  beneath.     But  in  general  there 
was  scarcely  a  place  from  which  I  was  prevented  access  on 
account  of  the  heat.     One  of  the  hottest  points  visible  at  the 
time  of  my  first  descent  into  the  crater,  March  25th,  is  indi- 
cated on  the  map  as  Severxvie  Furnace^  Mr.  Severin  having  taken 
an  excellent   photograph  of   it.     At  that  time,    March  25tb, 
its  interior  was  still  red  with  intense  heat,  but  on  my  last  vi»^ 
to  it,  eighteen  days  later,  it  had  so  far  cooled  down  as  to  excite 
no  special  interest  on  account  of  its  heat.    Another  spot  of  coti- 
siderable  heat  was  a  cone  just  to  the  southwest  of  my  statioii 
at  Balema'umd'u  S.     Surrounding  it  were  a  number  of  larger 
cracks  in  the  rocky  floor  of  the  crater,  from  which  the  hot  «^ir 
arose  as  from  a  furnace.     By  holding  my  breath  as  I  repeatedly 
passed  over  them,  I  experienced  no  great  discomfort. 

Halema'umahi, — On  the  29th  of  March,  in  company  witb    » 
tourist  who   had  just  happened  along,  and  two  native  guid^sSj 
from  a  point  at  the  south  side  of  Halema'uma'u,  I  descend^ 
into  this  pit,  until  then  entered  only  by  the  Eev.  E.  P.  Bak^r, 
of  Hilo.     The  fragments  of  pahoehoe  (smooth  lava)  over  whiob 
I  passed  in  my  descent  presented  considerable  uniformity  as    to 
size.     In  general  they  were  irregular  slabs,  six,  eight  or  more 
feet  long,  perhaps  five  or  six  feet  wide  and  about  a  foot  thic^V. 
I  would  remark  that  the  greater  portion  of  them  occupied  sti.cli 
a  position  that  the  slope  of  their  surfaces  nearly  coincided  with 
the  general   incline  of  the  whole  sunken  floor  of  which  th«y 
formed  a  part,  though  many  were  tilted  up  on  one  another  in 
a  most  irregular  fashion  by  the  great  fall  occasioned  by  the  re- 
moval of  their  liquid  support  on  the  6th  of  March.     I  would 
also  call  attention  to  the  fact  that  on  ihis  portion  of  the  floor 
there  was  a  marked  absence  of  small   fragments  or  gravel, 
which  is  to  be  contrasted  with  the  condition  of  the  sides  of  the 
deep  central  pit,  soon  to  be  described.     Though  our  guides 
pointed  out  the  danger  and  risk  we  ran  of  breaking  a  limb  from- 
the  upsetting   of  any   of  these  insecure  slabs,    we   took  oa^ 
chances,  and   b^'  carefully  feeling  our  way  with  our  walking 
sticks,  passed  safely  down  to  a  point  near  the  edge  of  the  grea"^ 
central  pit.     At  the  mouth  of  this  pit  the  rough  floor  of  pahoe?^ 
hoe  slabs  came  abruptly  to  an  end,  leaving  a  nearly  circular^ 
hole  some  600  feet  in  diameter,  looking  almost  as  if  punched 
out,  from  the  brink  of  which   the  very  regular  sides  sloped 
steeply  down  in   the  form  of  an  inverted  cone.     The  broken 
masses  of  pahoehoe  that  lay  about  the  brink  seemed  to  be  so 
insecurely  supported  as  to  threaten  suddenly  to  give  way  if  dis- 
turbed, and  precpitate  themselves  into  the  depths  below.    For 
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ison  I  prudently  refrained  from  trusting  myself  to  their 
I,  and  did  not  approach  near  enough  to  the  sides  to  ex- 
,he  material  of  which  tfiey  were  composed.  It  presented  a 
,  ]usterless  surface,  quite  free  from  projecting  rocks  and 
thout  notable  fissures,  and  bore  a  strong  resemblance  to 
gravel  or  small  fragments  of  broken  lava  rock.  At  a 
which  I  estimated  at  about  275  feet  below  the  upper 
f  this  pit,  was  the  very  bottom  of  Halema'uma'u,  an 
itly  smooth  surface  of  black  pahoehoe,  entirely  free 
lien  rocks  or  debris,  approximately  in  the  shape  of  an 
eral  triangle  of  about  twenty-five  feet  on  a  side.  It  was 
level  as  the  surface  of  a  newly  cooled  lake.  A  portion 
mewhat  irregularly  above  the  rest  and  gave  the  impres- 

a  mass  of  solid    rock  covered  over  with  a  thin  coating 
1  pahoehoe.    Near  the  northeasterly  vertex  was  a  small 

from    which   arose  a  slender  column  of  faint  bluish 

The  base  of  this  smoke  column  afterwards  served  me 

Qvenient  substitute  for  a  flag  in  my  triangulation,  by 

[  accurately  determined  the  depth  of  Halema'uma^u  to 

feet  below  the  datum  at  the  Volcano  house.  I  daily 
d  the  smoke  jet  above  described  in  hopes  of  seeing 
larked  change,  but  I  was  always*  disappointed, 
point  of  greatest  interest  to  me  was  within  the  sunken 
Halema'uma'u,  750  feet  northwest  of  the  smoke  jet  in 
tral  pit  and  364  feet  above  its  level.  My  attention  was 
rticularly  directed  to  it  April  5th.  While  engaged  in 
vey  of  New  Lake  I  noticed  at  that  time  a  continuous  jet 
m  arising  from  this  point.     It  had  burst  through  the 

lava  rock  and  had  already  made  for  itself  an  oval- 
aperture,  perhaps  five  or  ten  feet  across.  I  thought  I 
n  it  from  the  Volcano  house  for  a  day  or  two  before, 
d  not  made  any  special  note  of  it.  I  now  began  to 
t  carefully.  The  next  morning,  on  observing  it  with  a 
om  the  Volcano  house,  there  was  a  marked  change  in 
earance,  and  I  soon  saw  that  it  was  no  longer  a  jet  of 
bite  steam,  but  of  pale  bluish,  sulphurous  smoke.  The 
ed  rainy  weather  prevented  my  visiting  it  again  until 
!th,   when  I  observed  that  the  size  of  the  aperture,  as 

the  volume  of  smoke  had  greatly  increased.     After 

•  vexatious  delay  of  several  days  owing  to  rainy 
•, — ^wind  from  the  northeast,  regular  trades, — I  made 
\  visit  to  it  on  the  12th  of  April,  when  through  the 
he  smoke,  which  was  now  pouring  out  from  this  elon- 
iperture,  I  saw  the  newly   formed  bank  of  glistening 

•  on  the  southwest  side.  As  I  was  surveying  in  that 
'  I  had  occasion  to  occupy  the  station   which  I  had 

fixed  at  Halema!uma!u  TF.,  on  the  edge  of  the  precipice 
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overlooking  the  great  abyss.     My  cautious  native  guide  warn 
me  that,  as  the  station  was  directly  to  the  leeward  of  the  smo 
jet,  I  would  do  well  to  avoid  it^  for  fear  of  being  suffocated 
the  sulphurous  fumea     In  spite  of  his  warnings,  I  set  up  my  i 
sti'ument  at  this  station  and  continued  my  work  without  regs^rxj 
to  the  smoke,  which  was  blown  by  the  wind  directly  toward 
me,  passing  a  few  feet  over  my  head.     I  noted  by  my  watcfa 
the  length  of  my  stay  at  this  spot  to  be  over  thirty  minutes. 
During  that  time  the  plumb  bob  of  my  instrument  was  oon- 
siderably  tarnished,  but  though  at  times  I  was  obliged  to  stand 
aside  for  a  moment  to  avoid  the  smoke,  I  suffered  no  special 
discomfort  either  then  or  afterward. 

New  Lake  and  Little  Beggar. — On  the  5th  of  April,  followed 
by  my  native  guide,  I  explored  the  abyss  formerly  occupied  b V 
the  New  Lake,  and  set  up  a  flag  at  one  of  its  lowest  po\nti0 
marked  on  the  map  Inferno,  Entering  the  lli'fS  acre  sunka^ 
district  at  a  point  near  Central  rock,  I  passed  over  a  numb^^ 
of  cracks  in  tne  inclined  floor  of  pahoehoe  from  which  arose  ^ 
considerable  volume  of  heated  air,  and  paused  for  a  moment 
a  still  hot  cone,  now  fallen  in  and  rapidly  cooling  off.  Itbi^ 
fornierly  been  a  most  conspicuous  object.  To  distinguish  thi  ^ 
small  caldron  of  molten  matter  (once  visible  down  its  throaS>) 
from  the  great  lakes  of  liquid  rock,  it  had  been  dubbed  tb 
"Little  Beggar."  Passing  over  the  old  trail  to  Halema'ama* 
I  came  to  the  edge  of  what  had  been  called  the  '*  Bridge,'* 
tween  the  two  lakes.  From  this  point  the  descent  into  thp-  ^ 
Little  Beggar  was  quite  abrupt,  and  the'  whole  character  of  tkp-  ^ 
rocky  surface  assumed  a  very  different  appearance.  A  lar^"^ 
portion  of  the  bottom  of  the  lake  was  composed  of  huge,  soli-^ 
bowlders,  as  rounded  and  smoothed  as  if  worn  by  some  moui 
tain  torrent.  They  were  covered  about  an  inch  in  thickn< 
with  a  fresh  coating  of  black  vitreous  enamel,  left  adhering 
them  when  the  molten  contents  of  the  lake  had  sunk  from  vi( 
on  the  6th  of  March.  This  enamel  was  very  brittle,  and,  unA 
the  sharp  blows  of  my  walking  stick,  broke  in  pieces,  exposi«^^ 
the  solid  rock  beneath.  The  general  appearance  of  the  flo^^ 
was  that  of  a  series  of  well-rounded  hillocks  and  hollows,  u«^^' 
formly  covered  with  the  black  coat  already  referred  to.  Th^^^e 
was  a  marked  absence  of  broken  or  angular  fragments.  At  fcti^ 
base  of  the  vertical  wall,  directly  beneath  New  Lake  1,  wa^  ^ 
spot  of  considerable  heat,  much  greater  than  that  of  any  otfc»-^^ 
nlace  in  the  lake,  (or  what  was  the  lake  until  the  emptier "^^ 
It  was  evidently  tlie  upper  extremity  of  the  shaft  which  ti^ ^^ 
connected  the  boiliug  lava  in  the  lake  with  the  depths  bene*- 
The  sides  of  the  wall  above  it  and  the  vertical  faces  of 
massive  rocks  on  its  northwestern  side  formed  an  arc,  aoi 
what  circular,  of  perhaps  ten   feet  radius.     They  showed 
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peouliar  glazed  surface  characteristic  of  all  similar  shafts  in  the 
volcanic  districts  of  Hawaii.     Its  bottom,  which  I  judged  to 
be  at  about  the  level  of  the  point  marked  Inferno^  was  closed 
'witli  the  fresh,  shining  black  lava  which  had  solidified  as  the 
retreating  column  had  fallen  to  a  lower  level.     Near  the  south- 
'Western   portion  of  the   pit   lay    the   huge    hulk  of  the   now 
stranded   "  Floating  Island,'*  a  great  mass  of  firmly  cohering 
^'oclc  which,  for  more  than  four  years  previous  to  the  sinking  of 
the  lake,  had  been  floating  like  an  iceberg  and  slowly  chang- 
ipgr    its  position  6n  the  molten  flood.     It  now  towered  over 
sixty  feet  above  its  base  on  the  bottom  of  the  abyss  and  ex- 
ten  cied,  I  should  judge,  full  a  hundred  feet  in  length.     Piled 
flg'a.inst  the  southwestern  base  of  the  "Floating  Island"  was  a 
nia^ss  of  loose   rock    which  had  fallen  from   the  sides  above. 
Sa-'v^e  at  this  point  and  at  the  end  from  which  I  had  entered,  the 
'^^^iTly  vertical  sides  of  the  lake  rope  unbroken  from  the  surface 
^^     the  bottom  to  a  height   above  the  lowest  point  of  154  feet 
0/^    the  eastern  side  and  166  feet  on  the  western  side.     These 
sid^  walls,  at  least  their  lower  portions,  appeared  to  be  of  solid 
'^^^Ic  which  had  long  been  in  direct  contact  ^ith  the  intensely 
hfe^.ted  molten  lava  that  until  recently  had  filled  the  lake.     The 
si^fBs  as  well  as  the  bottom  were  free  from  rents  and  cracks  or 
*^y  break  by  which  the  lava  could  have  escaped.     And  they 
~  everywhere  coated  with  the  black  vitreous  enamel  which 

a  marked  characteristic  of  the  "  New  Lake."  There  was 
^^^  direct  lateral  connection  with  Halema'uma'u  to  be  seen. 
Tlxe  evidence  seems  to  point  to  the  conclusion  that  the  lava 
Passed  out  of  New  Lake  on  the  6th  of  March  by  the  same 
*^^^ft  at  its  bottom  by  which  it  had  entered. 

^ery  different  was  the  condition  of  the  treacherous  sides  of 
ta^  abyss   of  Halema'uma'u.     There,   yawning   fissures,    with 
Masses  of  rock  just  tottering  to  their  fall,  warned  me  to  be  very 
•c^ntious  in  approaching  the  ragged  edges  of  this  still  widening 
^*^a  of  ruin.     From  time  to  time  with  a  loud  crash  a  portion 
?^  a  cliff*  would  fall  a  hundred  and  fifty  feet  or  more,  and  dash 
i^-Q^lf  to  pieces  on  the  sunken  floor  below,  raising  clouds  of 
^'ist    It  seems  likely  that  this  was  what  gave  rise  to  the  re- 
port that  much  smoke  was  rising  from  the  lakes,  for  during 
toe  three   weeks   of  my  stay,  there  was  no  other  smoke  jet 
Worthy  of  mention  but  the  two  already  described. 

Of  steam  jets  in  Kilauea  the  number  was  very  variable, 
^od  seemed  to  depend  greatly  on  the  condition  of  the  weather 
Y*^  the  hour  of  the  day.  At  times,  especially  in  the  morning, 
toe  whole  crater  was  almost  entirely  free  from  them,  while  after 
*  shower  of  rain,  particularly  in  the  afternoon,  they  were  very 
'^'^oierous,  and  with  the  mist  which  often  accompanied  them, 
^encj^red  the  work  of  surveying  impossible. 
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Outside  of  Kilauea,  in  addition  to  the  large  number  of  stei 
jets  which   are  a   prominent  feature  of   the  landscape  ab< 
the  Volcano  bouse,  there  was  a  large  rent  in  the  eartb  crossi 
the  road  by  which  we  came  from  Keauhou,  extending  ii 
southeasterly  direction,  at  a  point  about  two  miles  from 
Volcano  bouse.     It  was  formed  at  the  time  of  the  sinking 
the  lakes,  and  when  I  observed  it,  on  the  24th  of  March, 
steam  was  still  coming  up  from  a  considerable  depth.     A  i 
days  later,  on  a  visit  to  *'  Kilauea  Iki,''  a  deep  and  apparec 
extinct  crater  to  the  east  of  the  main  crKter  of  Kilauea 
crossed  a  similar  rent,  formed  at  the  same  time,  nearer  to 
volcano,  from  which  in   like  manner  the  steam   was  fre 
arising.     I  was  also  particularly  interested  in  a  line  of  stc 
jets,  stretching  away  for  miles  to  the  southwest,  arising  fi 
the  steam  cracks  of  1868,  the  general  direction  of  which 
observed  by  prismatic  compass,  was  S.  44°  W.     On  the  2 
of  April  I  examined  a  number  of  these  steam  jets,  and  foi 
that  in  every  case  the  sides  about  the  orifice  from  which  tl 
arose  were  well  covered  with  moss,  proving  that  they  were 
an  older  date  than  the  6th  of  March.     On  the  northwest  \ 
of,  and  running  parallel  with,  the  great  steam  cracks  of  16 
were  a  number  of  smaller   cracks   in    the  extended  plain 
pumice.     There  were  also  a  few  on  the  southeast  side.     But 
no  case  did  I  see  any  steam  arising  from  them.     The  vert 
section  of  some  thirty  feet  or  more  in  the  sides  of  some  of  tl 
fresh  cracks  furnished  an  excellent  opportunity  to  study 
arrangement  of  the  successive  layers  of  pumice,  gravel,  and 
sand  which  made  up  the  mass  of  the  great  plains  stretching 
miles  to  the  southwest  of  the  crater.     It  was  doubtless 
ejecta  of  the  volcano,  which,  blown  thither  by  the  wind, 
accumulating  for  ages,  must  have  attained  considerable  dep 

I  was  obliged  to  leave  unsurveyed  a  portion  of  the  sun 
district  to  the  southwest  of  the  station,  marked  on  the  i 
HaUmauma^u  S,  It  was  an  irregular  district,  of  some 
acres  extent,  whose  average  subsidence  I  judged  to  be  note 
len  feet,  save  in  that  portion  which,  sloping  rapidly  down  i 
connecting  with  the  great  abyss  of  Haleraa^uma'u,  I  found  I 
fallen  twenty  feet  and  more.  It  lay  nearly  on  the  direct  I 
from  the  central  pit  of  Halema*uma'u  to  the  steam  cracks 
1868.  On  the  25th  of  March  I  remarked  the  great  heat 
portions  of  this  district,  and  on  the  afternoon  of  the  12th 
April,  as  I  crossed  it  for  the  last  time,  I  observed  that  wl 
the  crater  had  been  decidedly  cooling  down  as  a  whole,  t 
portion  had  retained  its  heat  in  a  marked  degree,  and  > 
without  doubt  the  hottest  part  of  its  entire  area.  The  hea 
air  still  arose  from  it  as  from  a  furnace,  and  the  steam , 
from  its  fissures  seemed  unusually  numerous  and  active. 
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lEaving  now  described  the  appearance  of  things  as  I  had 
observed  them,  I  will  in  conclusion  call  attention  to  some  of 
the  facts  bearing  on  the  cause  of  the  great  changes  which  had 
8o    lately  taken  place.     On  the  east  side  of  New  Lake,  some 
time  ago,  a  small  stone  wall  had  been  erected  to  shield  those 
who  wished  to  watch  the  lake  at  night  from  the  wind  and  rain. 
The  base  of  this  wall  I  found  to  be  342  feet  below  the  Volcano 
house.    Mr.  J.  H.  Maby,  the  manager  of  the  Volcano  house, 
very  kindly  gave  me  a  statement  of  the  height  of  the  surface 
of  the  lava  in  the  New  Lake  at  various  intervals  from  Dec.  1st, 
1886,  up  to  the  1st  of  March,  1886,  as  referred  to  the  spot 
where  this  stone  wall  stood,  and  in  his  opinion  the  heights  thus 
given  would  be  true  as  well  for  the  surface  of  the  lava  in  Hal- 
enia'uma*u,  as  there  was  no  perceptible  difference  in  the  eleva- 
tion of  the  molten  surfaces  of  these  two  lakes.     Though  not 
claiming  t«>  be  exact,  these  statements,  coming  as  they  do  from 
?n  intelligent  eye-witness  thoroughly  familiar  with  the  local- 
i^y»  may  be  accepted  as  reliable.     From  them  I  am  enabled  to 
give  the  heights  of  the  lava  columns  in  these  lakes  at  the  vari- 
ous dates  entered  upon  my  map.     From  these  figures  it  will  be 
seen  that  the  level  of  the  lava  in  the  lakes  was  rapidly  rising 
curing  this  time.    During  the  fifteen  days  commencing  Dec 
1st,  1885,  it  rose  from  12  to  14  feet,  an  average  of  0*87  feet  per 
J^y.     During  the  next  sixteen  days  from  Dec. '15th  it   rose 
from  18  to  21  feet,  an  average  of  1*22  feet  per  day.     On  the  1st 
0^  January,  1886,  it  stood  some  10  or  15  feet  above  the  stone 
^^11,  and  by  the  cooling  and  solidifying  of  its  edges  had  raised 
^^  walls  of  the  lake  at  that  point  a  corresponding  amount 
Though  the  lake  still  continued  to  rise  and  build  up  its  walls, 
Jt  had  found  partial  relief  by  a  surface  flow  to  the  northeast, 
^bich  eventually  covered  an  extended  tract   of  the   desolate 
^asie  of  pahoehoe  which  formed  the  floor  of  the  crater.     As  it 
cooled  it  was  difficult  to  distinguish  the  outline  of  this  new 
flow  from   those  which  had  preceded  it.     One  of  the  points, 
^bich  it  reached  a  few  days  before  it  ceased,  I  have  located  by 
^y  Pahoehoe  station  on  the  accompanying  map,  from  which  it 
appears  that  it  had  flowed  a  mile  and  a  half  at  an  average 
grade  of  1-77  feet  per  100  feet.     At  the  same  time  there  was  a 
^Mler  flow  to  the  northwest.     Halema'uma'u  meantime  was 
*|^8o  overflowing  and  extending  the  rocky  floor  of  the  crater  to 
^^e  southeast  and  south,  covering  up  the  old  beds  of  gravel  in 
|nose  directions.     Apparently  on  account  of  the  loss  of  matter 
"7  these  flows,  the  rise  of  the  lava  column  in  the  New  Lake 
'     Was  from  that  time  very  much  retarded.     During  the  59  days 
beginning  with  the  1st  of  January,  1886,  it  rose  from  20  to  25 
t^t,  an  average  of  only  0*37  feet  per  day.     On  the  1st  of  March 
It  stood  from  30  to  40  feet  above  the  stone  wall,  and  at  an 
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equal  height  above  the  level  of  the  top  of  Houlder's 
mem,  while  the  cone  which  it  had  formed,  like  a  little 
ain,  towered  to  a  considerably  greater  height.  The  wea; 
of  the  crater  could  not  long  resist  the  immense  pressure  ( 
a  liquid  column.  As  long  ago  as  1868,  they  had  been 
rent,  and  it  needed  but  a  slight  disturbance  to  cause  thei 
to  give  way  and  allow  the  liauid  free  exit  The  coinc 
of  the  collapse  of  the  lakes,  following  so  closely  upon  th 
eclipse  of  April  5th,  suggests,  as  Mr.  C.  J.  Lyons,  of  th 
ernment  Survey,  has  pointed  out,  the  possible  influence 
united  pull  of  the  sun,  moon  and  Venus  upon  our  pla 
determining  the  time  for  the  sides  of  the  overstrained  c 
to  give  way.  Be  that  as  it  may,  the  time  had  come,  a 
whole  column  sank,  within  a  few  hours,  a  vertical  dista 
from  587  to  697  feet,  disappearing  in  the  depths  below 
Maby  observed  that  the  fire  first  went  out  in  New  Lake 
little  time  before  its  final  disappearance  from  Halema^ 
This  would  naturally  be  the  case  from  its  comparative!; 
low  depth,  as  the  molten  mass  was  being  drained  awa 
the  two  lakes  into  the  common  reservoir  or  duct  < 
beneath. 

While  a  portion  of  the  escaping  lava  may  have  U 
southeasterly  course,  indicated  by  the  large  fissure  i 
direction,  already  alluded  to,  a  number  of  indications  an 
siderations  lead  to  the  supposition  that  the  greater  part, 
ing  the  line  of  least  resistance,  found  its  way  into  th 
fissures  of  1868,  and,  from  the  spongy  nature  of  the  < 
through  which  its  course  lay,  readily  found  all  the 
needed  to  contain  its  entire  volume  without  coming  to  tl 
face  or  entering  the  sea.  It  has  been  aflSrmed  that  the 
jets  along  the  fissures  of  1868  showed  greater  activity  ii 
ately  after  the  subsidence  of  the  lakes  than  at  any  ti 
months  before.  If  this  be  true,  it  becomes  an  ind 
strongly  favoring  the  above  supposition. 

The  numerous  cracks  and  fissures  running  parallel  w 
great  steam  cracks  may  then  possibly  be  explained  as  fc 
As  the  subterranean  lava  stream  forced  its  way  througl 
steam  cracks,  it  would  naturally  compress  and  force  i 
the  spongy  mass  on  either  side  of  their  walls.  But  wh 
swollen  stream  had  passed  along  and  this  pressur 
removed,  a  portion  of  the  inelastic  mass  would  fall  I 
nearly  its  former  position,  while  another  portion,  ad 
itself  to  its  new  position,  would  remain  separated,  and 
crack  would  thus  be  formed.  The  escaping  steam,  he 
would  find  its  natural  outlet  through  the  fissures  most  c 
over  its  course,  instead  of  seeking  exit  by  any  crack  re 
to  one  side  of  it     I  have  already  remarked    that   th 
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actually  the  case  at  the  time  of  my  visit.  When  we  add  to 
thistte  fact  of  the  unsurveyed  area  of  depression  being  in  the 
line  of  these  cracks,  with  the  continued  heat  of  portions  of  it 
and  the  number  of  steam  jets  there,  the  conclusion  arrived  at 
seems  the  more  probable. 

In  closing,  I  would  acknowledge  my  indebtedness  to  the 
Hon.  S.  G.  Wilder  for  substantial  courtesies  extended  to  me 
during  my  long  stay  at  the  Volcano  house;  also  the  use  I 
have  made  of  the  excellent  map  of  Kilauea,  made  by  William 
T.  Brigham  in  the  year  1865,  irom  which  I  have  extensively 
copied,  to  show  the  relations  of  my  survey  to  the  general  area 
of  the  crater. 

H-  Observations  of  L.  L.  Yjls  Slyke,  Professor  of  Chemistry 
and  Natural  Science  and  Grovemment  Chemistry,  Honolulu,  on 
J^ilaueaj  in  July^  1886. 

I  made  my  first  visit  to  the  volcano  of  Kilauea  last  July,  a 
kittle  over  three  months  after  Mr.  J.  S.  Emerson's  visit,  and 
^^ained  there  from  the  19th  of  July  to  the  24th.  I  descended 
^wice  into  the  crater,  rainy  weather  preventing  further  observa- 
^otia  that  had  been  planned.  The  nrst  trip  down  was  made  on 
^uly  21st,  when  I  remained  in  the  crater  from  10  A.  m.  until 
^  I*.  M. ;  my  second  visit,  two  days  later,  on  July  23d,  when  I 
Remained  from  11  A.  M.  to  3  p.  M. 

^Oreat  changes  had  taken  place  in  the  pit  of  the  crater, 
"*^lema'uma'u,  since  Mr.  Emerson^s  visit  In  the  first  place,  a 
?«nera]  upheaval  had  occurred  in  the  center  of  Halema'uma'u ; 
^^^y  secondly,  liquid  lava  had  reappeared. 

The  steam  cracks  described  by  Mr.  Emerson  were  in  about 

'y^    same  condition  in  July  as  at  the  time  of  his  visit     The 

P^a<*e8  on  the  map  marked  **  Furnace  "  and  "  Severin's  Furnace  " 

'^ei^e  very  warm  inside,  but  the  heat  was  not  great  enough  to 

P^^'vent  one  from  going  within  and  remaining  a  few  minutes. 

y'^ly  one  red-hot  crack  was  seen,  and  this  was  not  far  from 
Ci^ntral  Rock,"  in  the  direction  of  "  Halema'uma'u  A." 
^^3efore  speaking  of  the  appearance  and  location  of  the  places 

^fc^^re  molten   lava  could  be  seen,  I  will  try  to  describe  the 

^f^I^earance  of  the  pit  as  I  saw  it  and  to  indicate  the  changes 

^^t  had  occurred  between  April  and  July. 

.    -At  "  Halema^uma'u  A,"  you  are  upon  the  brink  of  a  preci- 

P|^^«  several  hundred  feet  high,  indicated  by  the  black  line  on 


^i!^^  map,  extending  around  southward  beyond  "  Halema'uma'u 
y^  "  on  one  side,  and  eastward  to  **  New  Lake  "  on  the  other  side. 
•'^^^t  opposite  this  part,  inside  of  the  area  bounded  by  this  high 
^^^cipice  and  nearly  parallel  to  it,  at  a  distance  of  perhaps  from 
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400  to  1000  feet,  there  rises  a  very  steep  hill  of  loose  rocks, 
perhaps  150  feet  high,  the  base  of  which  extends  from  the  west 
wall  in  a  rather  direct  line  to  the  "Peninsula,"  or  farther.  Thus, 
between  the  wall  around  the  pit  and  this  hill  of  loose  rock», 
there  is  a  deep  trough-like  depression.  At  the  "  Smoke  Jet," 
near  "  Halema'uma'u  W  "  the  height  of  this  hill  of  loose  rocks 
suddenly  drops  to  perhaps  30  feet,  at  which  height  the  hill 
continues  to  the  nearest  point  in  the  west  wall.  The  "  Smoke 
Jet "  is  located  in  the  side  of  the  hill  just  where  the  height 
drops  down.  This  hill  was  found  to  extend  on  farther,  being 
more  or  less  clearly  defined  all  the  way  around,  so  as  to  form 
really  an  immense  cone  with  an  oval  or  irregularly  elongated 
base.  This  immense  cone  covers  the  site  occupied  by  the  deep 
central  pit  described  by  Mr.  Emerson,  as  far  as  I  can  determine, 
— indicating  that  a  general  upheaval  or  rise  of  material  had 
taken  place  in  this  part;  for  instead  of  a  pit  in  the  shape  of  an 
inverted  cone  there  had  appeared  on  its  site  an  upright  cone  of 
lava  rocks.  The  bottom  of  "  New  Lake  *'  appeared  to  be  cov- 
ered with  loose  rocks.  I  did  not  explore  this  part  at  all  care- 
fully. 

Molten  lava  was  visible  in  three  dififerent  places.  Two  of 
these  were  deep  holes  or  wells,  the  other  a  '^  lake,"  covering 
perhaps  five  acres.  I  will  describe  these  in  the  order  in  which 
I  visited  them. 

Starting  at  a  point  between  ^* Little  Beggar"  and  "New 
Lake  1,"  I  crosseJi  the  sunken  **  Bridge,"  and  went,  in  nearly  a 
straight  line,  toward  the  center  of  Halema'uma'u.  For  a  little 
distance  the  route  was  down  a  moderate  grade,  but  later  it 
became  very  steep,  when  I  came  to  the  base  of  the  cone  of  loose 
stones  just  described.  The  passage  was  over  large  slabs  of 
pahoehoe  such  as  Mr.  Emerson  describes.  Ascending  the  cone 
part  way,  I  came  to  the  edge  of  a  deep  hole  or  well,  of  rather 
irregular  outline,  four-sided,  perhaps  30  or  40  feet  wide,  and 
from  60  to  75  feet  long,  and  not  less  than  100  feet  deep.  The 
mouth  was  surrounded  by  masses  of  loose  rocks,  rendering 
approach  to  the  edge  impossible  or  very  dangerous,  except  at 
one  point;  from  this  point  I  could  see  the  bottom  of  the  well, 
and  that  it  was  covered  with  hardened  fresh  pahoehoe.  At  one 
side  the  liquid  lava  could  be  seen  as  it  was  puffed  out  of  a 
small  hole  every  few  seconds  and  thr(»wn  up  a  few  feet.  The 
puffing  noise  accompanying  the  ejection  of  the  lava  was  quite 
like  that  of  a  railway  locomotive,  though  louder.  The  aperture 
through  which  the  lava  was  thrown  out  might  have  been  three 
feet  long  and  two  feet  wide.  Immediately  beneath  the  point 
where  I  was  standing,  there  seemed  to  be  a  constant  and 
tremendous  commotion,  attended  hy  a  peculiar  swashing  noise, 
but  I  could  not  lean  sufficiently  far  over  with  safety  to  see  any- 
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thing.  Fumes  of  sulphur  dioxide  were  coming  lip  in  abund- 
ance, but  being  on  the  windward  side  I  was  not  greatly  an- 
noy^ by  them. 

Leaving  this  place,  I  went  back  some  distance  toward  ''New 

Lake,"  and  then  made  a  detour  in  the  direction  of   ''Hale- 

ma'uma'u  S.E.''      From  near  this  point  I  went  again  toward 

the  center  of  Halema'uma'u  over  a  route,  probably,  quite  near 

"Emerson's  descent  of  March  29th/'    This  led  to  a  second  well 

or  deep  hole  where  molten  lava  was  visible.     This  well  was 

nearly  round,  with  a  diameter  of  perhaps  20  or  30  feet,  and  a 

depth  of  about  100  feet    At  one  point  tne  edge  could  be  safely 

approached,  but  as  it  was  on  the  leeward  side,  the  fumes  of  sul- 

phor  dioxide  could  be  endured  only  for  a  few  seconds  at  a  time. 

liike  the  other  well,  the  sides  were  perpendicular.      At  the 

bottom  was  a  cone  having  an  opening  at  the  top  perhaps  10  feet 

^ross,  and  inside  liquid  lava  was  boiling  with  intense  violence, 

every  few  seconds  throwing  up  a  jet  of  lava,  the  spray  of  which 

came  to  the  mouth  of  the  well,  almost  into  my  face.    The  drops 

^i  lava  thrown  to  the  mouth  of  the  well  had  cooled  enough  to 

'>ecome  hardened  and  black  when  they  reached  the  level  on 

*^hich  I  was  standing.     This  place  was  quite  noisy,  the  noise 

'^scmbling  that  of  violently  swashing  waters. 

besides  the  deep  holes  just  described,  there  was,  as  men- 
i^'oned  above,  a  "lake"  of  liquid  lava.     It  was  situated  imme- 
^isitely  beneath  the  west  wall,  or  that  of  "  Halema'uma'u  W  " 
^^    vas  in  the  bottom  of  the  deep  trough  formed  by  the  west 
^^11  and  the  cone-like  hill  of  loose  rocks.     It  extended  from 
the  "Smoke  Jet"  a  distance  of  400  feet  approximately.     The 
^at  point   for  observing   it   was   near   "  Haleraa^uraa'u    A," 
although  this  was  1,200  feet  distant  or  farther.     It  was  too 
dangerous  to  attempt  to  get  a  view  of  the  lake  from  *'  Hale- 
nia'uma'u  W  "  or  any  portion  of  the  wall  in  that  neighborhood, 
for  the  edge  of  the  precipice  was  mostly  of  loose  stones  and  a 
slight  giving  way  of  the  embankment  would  precipitate  one 
150  feet  below  into  the  lake.     It  was  possible  to  get  down  to 
tlie  edge  of   the  lake,   but  very  hazardous.      The    lava  first 
appeared  just  under  "  Halema*uma'u  W  "  and  extended  south 
along  the  west  wall  a  short  distance.     Gradually  the  lava  over- 
flowed until  the  lake  was  extended  to  "  Smoke  Jet,"  although 
this  latter  part  was  a  few  feet  below  the  rest.     From  the  fact 
that  One  part  of  the  lake  is  elevated  above  the  other,  the  lake 
"^s  been  spoken  of  as  two  lakes. 

^j  On   the   occasion   of   my  first   visit,    I   took  my  station  at 

^  ^ftlema'uma'u  A"  about  noon  to  watch   the  lake.     When  I 

.'^t  Saw  it,  the  entire  surface  was  hardened  and  black,  the  only 

^gn  of  volcanic  activity  being  little  steam  jets  here  and  there. 

^^©r  watching  about  an  hour,  I  saw  some  liquid  lava  burst 
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through  the  black  crust  and  flow  a  short  distance,  when 

auickly  became  black  and  hard.  These  little  outbreaks  at 
ows  of  lava  were  taking  place  in  various  places  on  the  surfa 
of  the  lake  during  the  whole  afternoon.  In  the  evening  at  7:" 
a  very  large  outburst  of  lava  came  from  the  lake  immediate 
below  Halema*uma*u  W,  and,  flowing  in  the  direction 
"Smoke  Jet,"  overspread  a  large  portion  of  the  surface.  Aft 
this  the  outflows  were  quite  frequent  and  large  during  t 
next  half  hour.  Little  noise  coald  be  heard  from  oar  positic 
The  "  Smoke  Jet "  was  pouring  out  large  volumes  of  blui 
smoke,  depositing  sulphur  about  the  place  of  exit. 

At  the  time  of  my  second  visit,  two  days  later,  I  again  to< 
my  position  for  watching  the  lake  at  Halema'uma'u  A.  Th< 
was  evidently  greater  activity.  The  surface  of  the  lake  h 
been  visibly  raised  by  the  constant  outpouring  and  hardeni 
of  lava.  At  this  time  there  was  a  great  deal  of  noise,  both 
puffing  and  swashing.  On  the  surface  of  the  lake,  at  a  po; 
near  the  wall  immediately  below  Halema'uma'u  W,  there  ¥ 
a  place  six  or  eight  feet  long  and  four  or  five  feet  broad,  wh< 
the  red-hot  lava  was  in  constant  view,  boiling  over  continuouj 
and  flowing  away,  and  occasionally  shooting  up  several  i 
into  the  air. 

About  the  middle  of  July  lava  appeared  in  Halema'umi 
just  beneath  the  wall  at  Halema'uma'u  A.  I  saw  the  fn 
pahoehoe  at  this  particular  place,  but  there  was  no  further  e 
dence  of  renewed  activity  at  this  point  during  my  stay. 

in. — Report  to  Prof.  W.  D.  Alexander^  o/Mr.  Frank  S.  Dod< 
Assistant  Surveyor  and  Draughtsman,  made  Nov.  15,  on 
Survey  of  Kilauea  in  the  last  week  of  September  and  the  P 
of  October,  1886.     With  Plate  II. 

I   herewith   submit   the    following  report   of    my    visit 
Kilauea,  Hawaii,  for  the  purpose  of  surveying  the  crater  a 
vicinity,  under  the  direction  of  the  Bureau  of  Surveying.  .  . 

Leaving  Hilo  by  the  steamer  Kinau,  on  the  evening  of  Se 
23d,  '86,  I  landed  at  Keauhou  early  the  following  morni 
and  reached  the  Volcano  House  shortly  before  noon.  1 
weather  being  favorable  for  surveying,  a  part  of  the  afternc 
was  devoted  to  triangulation  for  the  purpose  of  determini 
what  changes  had  taken  place  since  the  last  survey  was  mj 
by  Mr.  J.  S.  Emerson,  in  March  and  April.  From  the  tri 
gulation  I  concluded  that  no  material  change  had  occurred 
the  general  outline  of  the  sunken  district,  covering  the  sites 
Halema'uma'u  and  the  so-called  "  New  Lake." 

At  the  very  first  opportunity  I  took  careful  observations 
ascertain   tlie  height  of  two  hills  which   had  formed   in 
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Hilema'uma'a  pit,  and  later  observations  taken  from  tbe  same 
ttitioQ  and  under  similar  circamatanceB,  showed  that  the  hills 
irere  rising  at  the  rate  of  nearly  one  foot  per  day.  .  .  . 

Having  exhausted  my  supply  of  flags,  I  continued  my  walk 
aJoag  the  eastern  side,  examining  the  ground  carefully  for  proper 
locations  for  new  stations,  and  visiting  the  very  interestinf; 
email  craters  of  Kilauea  Iki  and  Keanakakoi.  The  former  is 
abont  3300  feet  iu  length  from  east  to  west,  and  2800  feet 
from  north  to  south,  with  regularly  sloping  walls,  completely 
coTered  with  a  dense  growth  of  small  Ohia  trees,  ferns,  eta 
In  Much  last,  at  the  time  of  the  disturbnnce  in  Kilauea,  a  land' 
slide  occurred  on  the  northeast  side  of  Kilauea  Iki,  leaving  the 
face  of  the  cliff  bare  from  top  to  bottom,  and  showing  all  the 
nnta  distinctly.  The  depth  of  this  crater  was  found  to  be  749 
feet  from  tbe  point  at  the  end  of  the  path  from  the  Volcano 
House,  or  867  feet  below  the  Volcano  House  veranda — which 
his  been  taken  as  a  datum  for  all  elevations  connected  with 
Eilaaea. 


Map  o(  Halemo'iima'ii ;  from  tb  map  of  Kilauea  by  Mr.  Dodgo,  of  whioli  Plate 
IIiiBredui^i^py.  K.L.KewUke;  L. it., Little Begear;  C.  R.,  Central  Rock. 
*7'8,SK  positioni.  Ilalema'iimn'u  A,  W,  S,  SE  of  text.  LeTel  below  tbat 
oIUieilaiuinmHrlt  at  Ihp  Volcano  House  ata.,135-2;  6,350-4;  [,366;  d.  3-14-6; 
''"l'8i/33T4;  g.  834  ;  A,  321-3;  (.  3fi0;  t,  329-6  (i  and  i  oa  the  CODO). 

Keanakakoi  is  1600  feet  in  length  and  1100  in  width  and 
?;PP"*siinately  400  feet  in  depth,  with  almost  vertical  walla, 
™6  o^vegetation,  and  a  very  smooth  floor  of  pahoehoc. 

From  careful  study  of  Mr.  Emerson's  map,  and  from  obser- 
'■'Mioua  made  during  five  visits  to  the  locality,  I  conclude  that 
tnere  has  been  no  change  in  the  "  New  Lake  "  depression,  or  in 
tbe  "Bridge"  between  that  and  Halema'uma'u,  and  very  little 
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change  in  the  main  walls  of  the  larger  pit.  I  think  a  small 
portion  of  the  wall  near  the  northeast  corner  has  fallen  in 
quite  recently,  covering  a  part  of  the  new  floor  of  pahoehoe 
with  great  masses  of  irregularly  broken  rock.  As  far  as  I  was 
able  to  examine  it,  I  could  discover  no  other  change  in  the  out- 
line. But  since  the  survey  of  March-April,  there  have  been 
great  and  important  changes  going  on  in  the  pit  of  Halemau'- 
ma'u,  the  present  scene  of  activity  in  Kilauea.  The  approxi- 
mate center  of  the  sunken  tract  is  now  occupied  by  an  irregular 
pit  or  **  lake'' — surrounded  by  a  range  of  hills,  which  were 
carefully  located,  but  which  prevented  mo  from  obtaining  the 
exact  size  of  the  **  lake."  This  range  of  hills,  or  ridge,  is 
nearly  circular  in  form  (see  preceding  figure),  and  the  distance 
from  summit  to  summit  across  the  pit  from  northeast  to  south- 
west is  1080  feet,  from  east  to  west  1100  feet  and  930  feet 
from  northwest  to  southeast  I  was  unable  to  learn  the  con- 
dition of  the  central  pit  from  close  personal  observation,  but 
from  the  flashes  of  light  seen  over  it  at  night,  I  judged  that 
there  was  some  action,  and  the  native  guide,  who  had  lately 
visited  it,  informed  me  that  there  was  "plenty  fire." 

In  various  places  on  the  sides  of  the  encircling  hills,  or  ridge, 
which  are  formed  of  fine,  loose  material  and  angular  blocks 
of  stone,  there  were  many  openings  which  emitted  dense,  blu- 
ish white  smoke,  and  steam  under  considerable  pressure.  The 
mouths  of  the  openings  were  coated  with  deposits  of  sulphur 
and  many  of  them  glowed  with  red  heat  at  night.  The  space 
between  the  base  of  these  hills  and  the  ffK)t  of  the  pali  or  wall, 
on  all  sides,  was  being  filled  gradually  by  small  flows  of  pahoe- 
hoe  from  vents  all  over  the  floor  of  the  pit.  Around  the  base 
of  the  hills  and  at  various  points  near  the  pali, "were  many  small 
cones  and  "  blow-holes"  which  sent  up  quantities  of  smoke  and 
steam.  In  the  extreme  eastern  portion  of  the  pit  were  immense 
blocks  of  lava  piled  up  in  confusion ;  and  parts  of  the  eastern 
wall  that  had  fallen  in  at  the  time  of  the  great  collapse,  but  the 
remainder  of  the  floor  was  nearly  level  and  slowly  rising. 

Outside  the  walls  of  the  pit,  in  the  Kilauea  crater,  I  found 
only  three  or  four  localities  where  there  were  signs  of  any  great 
heat  below  the  surface.  The  first  of  these  was  in  a  small  crack 
a  few  hundred  feet  west  of  Central  Rock,  and  not  far  from  the 
edge  of  the  clifi*— where  the  rock  was  red  hot  within  two  feet  of 
the  surface,  and  I  was  told  that  it  had  been  so  for  many 
months.  At  the  eastern  edge  of  the  sunken  area  and  directly 
north  of  New  Lake  were  large  openings  to  a  tunnel  thaC  began 
near  the  "  Little  Beggar,"  and  extended  several  hundred  feet 
in  a  general  northeast  direction,  and  considerable  heat  was 
given  out  from  cracks  in  its  roof;  and  the  same  was  the  ease  in 
a  small  area  directly  south  of  the  peninsula,  between  New 
Lake  and  Halema'uma'u. 
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t  various  points  on  the  southeast  half  of  Kilauea,  and  on 
tlii^  face  of  the  cliflFs  in  that  section,  small  jets  of  steam  were 
a^t^xi  at  times.  The  steam  cracts  near  the  volcano  House,  and 
oxi  t,he  sandy  plain  north  of  the  crater,  seemed  to  be  in  their 
riormal  condition. 

^^Imost  the  entire  floor  of  Kilauea  is  formed  of  pahoehoe, 
tVifitt;  had  flowed  out  from  the  region  of  the  Jakes  late  in  1885, 
early  in  the  present  year,  covering  all  traces  of  the  old 
cick  Ledge  and  other  features  shown  on  earlier  maps.  The 
_  le  of  the  pahoehoe  floor  is  quite  regular  in  every  direction, 
^licT  descent  from  Central  Rock  to  the  foot  of  Lookout  Hill, 
tiere  the  trail  strikes  the  pahoehoe,  being  163  feet — 135  feet 
tihe  base  of  Kaniakoha,  125  feet  to  the  foot  of  Kamohoalii, 
feet  to  the  foot  of  Uwekahuna  pali,  75  feet  to  the  base  of 
i  Iki,  and  approximately  80  feet  to  the  foot  of  the  pali*  on 
*t^^  southeast  side.  Near  Uwekahuna  is  a  large  patch  of  Aa 
C^O-xface  made  of  large  slabs  or  masses  of  rough  lavas),  a  few 
^oi-^B  in  extent,  which  I  think  is  the  only  lava  of  that  nature 
^  "^    the  crater. 

In  the  southern  end  of  the  crater  is  a  long  point  or  spit  of 
8^«^vel  and  bowlders,  extending  from  the  southeast  wall  about 
^o^:mr-fifths  of  a  mile  due  west,  bounded  on  the  south  side  by  an 
?t>«pt  cliflF,  and  sloping  gradually  to  the  north  and  west,  until 
^  is  covered  up  by  the  pahoehoe  flow  of  this  year.  This  same 
^  has  also  encroached  upon  the  south  bluff's  and  covered  the 
er  formation  at  the  head  of  the  bay  near  Holoholokolea,  so 
"rtx^t  at  the  extreme  south  angle  in  the  bluffs,  a  further  rise  of 
^  iy  feet,  more  or  less,  would  cause  Kilauea  to  outflow  toward 
sea.  At  the  extreme  southwest  corner  the  pali  has  been 
tirely  covered  by  the  hills  of  pumice  which  form  the  south- 
boundary. 

The  summits  of  these  low,  rounded  hills  are  about  1,000  feet 

t>a.ck  from  the  edge  of  the  crater,  and  thence  they  slope  gently 

^o  the  sonth  and  southwest,  and  are  traversed   by  numerous 

large  cracks,  extending  in  the  latter  direction.     At  the  eastern 

end  of  the  aforesaid  grav,el  point  are  many  deep  cracks  parallel 

^  the  general  direction  of  the  main  wall  of  the  crater  on  that 

side,  and  outside  the  walls  are  many  more  of  the  same  nature. 

^.-T   have  attempted  to  describe  the  condition  of  the  crater  of 

"^^'^uea  as  I  found  it  early  in  October;  and  from  observations 

^^n    made,  I   think  that  in  the  course  of   time,   perhaps  in 

*e^  months,  the  great  central  pit  will  fill  up  and  overflow, 

\^  did  prior  to  the  6th  of  March,  '86,  and  that  the  center  of 

M-vity  will  continue  to  be  in  the  present  locality  of  Halema'u- 

*  The  word  pali  means  a  precipice. 
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Art.  XI. —  Volcanic  Action  ;  by  James  D.  Dana. 

The  new  facts  with  regard  to  the  recent  eruption  and  sal 
quent  movements  at  Kilauea,  make  this  a  favorable  time  U 
review  of  volcanic  action  and  phenomena ;  and  especiallj 
because'  the  Hawaian  volcano  and  its  great  craters  illusti 
more  fully  and  simply  than  any  others  that  have  been  part 
larly  described  the  ordinary  principles  and  methods  of  void 
activity ;  and  also  because,  although  long  since  reported 
they  have  not  yet  their  true  place  in  most  treatises  on  vo 
noes.  Vesuvius  hks  been  more  accessible.  The  aocoani 
the  phenomena  observed  by  me  at  Kilauea  in  1841,  givei 
my  JExploring  Expedition  Report,*  needs  no  modification.  ] 
the  conclusions  after  so  many  years  of  progress  in  science  o 
well  have  a  reconsideration.  On  the  chief  point,  howeve 
the  essential  identity  in  forces  and  laws  of  action  betw^ 
Kilauea  and  Vesuvius  as  well  as  other  volcanoes — I  find 
reason  for  change.  In  my  Manual  of  Geology  (1868)  I  presc 
as  the  causes  of  eruptions : 

The  hydrostatic  pressure  of  the  column  of  lava ;  the  press 
of  vapors  escaping  in  underground  regions  from  the  lavas, 
produced  by  contact  with  them,  acting  either  quietly  or  ca* 
trophically ;  and  the  pressure  of  the  subsiding  crust  of 
earth,  forcing  upward  the  lavas  in  the  conduit.  I  also  state 
sources  of  movements  preceding  an  eruption  :  the  enlarging 
the  mass  of  liquid  rock  in  its  higher  portions  through  1 
vaporizable  material  contained  in  it  and  imbibed  on  the  ascei 
and,  for  aerially  projectile  effects,  the  elastic  force  of  the  va^M 
that  escape  by  the  forming  and  bursting  of  bubbles  at  the  s 
face  of  the  viscid  lavas. 

In  the  following  pages  the  sufficiency  or  not  of  these  cam 
of  activity  for  all  volcanoes,  is  considered. 

♦Geology  of  the  Wilkes  Exploring  Kxpedition  of  1838-1842,  published 
1849.  225  pages  (4to)  are  devoted  to  the  Hawaian  and  other  volcanic  island 
the  Pacific,  apart  from  tiie  subject  of  the  bordering  coral  reefs.  The  time  of 
visit  to  Hawaii  and  examination  of  the  Kilauea  crater  was  particularly  opport 
becauHO  of  the  great  eruption  that  had  so  recently  preceded  it»  and  which 
behind,  besides  features  of  more  ordinary  character,  also  those  rarely  presen 
I  find  no  facts  in  Capt.  Dutton's  report  to  lead  mo  to  modify  my  conclusions  a 
the  mode  of  action  in  Kilauea,  or  as  to  the  relations  of  the  crater  to  thoa 
other  volcanoes.  My  tour  to  Kilauea  commenced  on  the  western  shore 
Kealakekua  bay,  and  led  me  by  the  south  side  of  the  island  and  the  soutl 
■lop*»,  to  Kilauea  :  and  thence,  after  a  study  of  the  interior  of  the  crater  auc 
surroundingH,  eastward  to  the  outflow  of  the  great  eruption  of  1840  at  Nanav 
whore  it  entered  the  sea. 
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1.   General. 

.  The  more  prominent  phenomena  of  volcanoes — In  the  upward 
vement  of  liquid  lavas,  two  operations  apparently  distinct, 
concerned :  (1)  the  ascending  movement  of  the  liquid  rock 
the  subterranean  conduit  of  the  volcano  from  the  deep-seated 
cr natal  or  sub-crustal  region  of  fusion;  (2)  the  projection  of  the 
la. va  aerially  upward  from  the  surface  of  liquid  lava  in  the 
vent.    Outflows  accompany  the  upward  movement  whenever  the 
tieight  reached  by  the  lavas  is  such  that  they  have  an  outlet 
eitlier  over  the  walls  of   the    crater   or  through   an    opened 
tissure.     Each  of  these  operations,  the  upthrow  and  outflow, 
involves  an  expulsion  of  material  from  subterranean  regions; 
and  a  usual  consequence  (3)   is  a  subsidence,  or,  Anglid,  a 
down-plunge,  of  the  overlying  rock,  or  the  material  of  portions 
of   the  cone  especially  the  more  central.    The  upthrow,  the  out- 
throw,  and  the  down-plunge  are  the  three  most  universal  and 
most  marked  of  volcanic  phenomena.     Connected  with  these 
operations  there  are  :  (4)  The  escape  of  vapors  from  the  crater, 
aod  (5)  displacements  and  the  opening  of  fissures. 

2.  The  ascensive  action, — The  actual  ascension  of  lavas  to  a 
height,  in  many  volcanos,  of  more  than  10,000  feet  above  the 
8«a-level  is  evidence  of  (1)  the  great  power  of  the  agency  con- 
cerned. In  Mt.  Loa,  a  volcanic  mountain  of  frequent  extensive 
summit  eruptions,  the  height  is  13,000  feet  (or  six  miles  reck- 
oned to  the  sea-bottom  on  the  east.)  The  observations  of  Mr. 
^-  K.  Q-ilberton  the  laccoliths  of  the  Henry  mountains,  proving 
that  strata  10,000  feet  thick  were  arched  upward  to  a  height  of 
|'"''ee  to  five  thousand  feet,  by  the  ascending  and  intrusive  lavas 
Indicate  that  the  ascensive  force  at  work  (2)  is  deep-seated  as 
y^ell  as  of  great  power.  This  inference  is  sustained  also  by  the 
loiig  continuance  of  the  heat  in  the  lava-conduit  of  many  vol- 
^^oes,  as  shown  by  centuries  of  activity,  in  spite  of  the  various 
Pooling  influences  to  which  the  upper  part  is  subjected. 

3.  The  deep-seated  ascensive  action  not  catastrophic. — Dr.  Gil- 
pcrt^s  valuable  observations  illustrate  another  point  of  much 
interest :  the  slow  action  of  the  force  concerned,  for  catastrophic 
violence  would  have  opened  large  fissures  to  the  surface,  and 
produced  a  surface  discharge.     A  quiet  mode  of  ascent  is  prob- 
ably the  common  fact  also  in  the  larger  fissure  eruptions.     The 
/Dovement  appears  to  be  very  slow  in  the  supply  conduit  of  a 
volcano.     For  the  epochs  of  high  level  in  the  lavas  of  a  crater 
— flood  level,  we  might  say — are  separated  by  years,  years  being 
required  for  a  rise  in  level  of  a  few  hundred  ifeet.    Three  great 
eruptions  in  Kilauea  were  eight  years  apart,  and,  in  the  inter- 
val, the  lift  in  each  case  was  about  400  feet.     The  last  of  the 
three  referred  to  occurred  in  1840 ;  and  the  eruptions  which 
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have  happened  since  illustrate  the  same  fact.  Similar  testi 
mony  comes  from  other  volcanoes.  If  the  ascent  in  the  uppei 
part  of  the  volcanic  conduit  is  aided  by  some  additional  up 
thrust  force,  then  the  facts  just  stated  make  the  deep-seatec 
action  by  so  much  the  slower,  since  in  that  case  it  is  accounta 
ble  only  for  a  part  of  the  whole  rise  required  for  an  eruption 

4.  Superficial  ascensive  action. — The  deep-seated  ascenfliv< 
force  in  a  lava-conduit  should  raise  the  contained  liquid  rocli 
to  a  common  level  for  all  its  places  of  discharge  in  a  crater.  I 
was  to  me  a  strange  fact  that  the  lava-pools  over  the  bottom  o 
Kilauea  underwent  independent  changes  of  level — ^a  sinking  o 
a  hundred  feet  or  more  in  one,  unaccompanied  by  a  like  chang< 
or  any  change  in  another.  But  this  admits  of  explanation  on  th< 
ground  of  occasional  discharge  by  local  fissures  opened  beneath 
and  on  the  ground  of  much  friction  along  the  local  conduits 
and  a  depth  to  the  common  junction  as  great  perhaps  as  th< 
space  between  the  pools  (half  a  mile  or  so  in  the  great  pit  crater) 
It  was  more  of  a  marvel  that  while  the  pools  were  in  thei 
usual  state  of  ebullition,  lavas  should  be  lifted  at  times  to  i 
level  500  feet  or  more  above  ihem  in  a  fissure  intersecting  the 
walls  of  the  crater.  Here  was  an  effect  of  ascensive  force,  bu 
of  a  force  of  relatively  superficial  origin.  A  similar  fact'  ii 
mentioned  by  Prof.  Alexander  in  his  notes  on  the  summi 
crater  Mokuaweoweo,  cited  on  page  285  of  volume  xxxii  (1886 
of  this  Journal,  where  the  lift  was  800  feet  above  the  bottom  o 
the  crater,  and  the  eruption  a  large  one.  Some  superficia 
agency  must  be  concerned  in  such  eruptions;  and  the  same  roaj 
occasion  local  oscillations  in  associated  lava- vents. 

5.  Surface  action  in  the  lava ;  Projectile  effects, — In  an  activ< 
volcanic  vent  the  feeblest  action  possible  is  the  quiet  escape  o 
vapors.  The  second  stage  is  the  aerial  projection  of  lava  ii 
portions,  masses,  or  fragments ;  which  fragments  may  fall  bad 
as  cooled  cinders  or  as  liquid  lava,  according  to  the  height  o 
projection.  The  latter  stage  may  be  the  final  one  before  th< 
return  to  a  feeble  or  an  inactive  state  in  the  crater.  But  th< 
third  may  follow,  namely:  the  outflow.  As  long  as  the  liquic 
lavas  are  exposed  in  the  bottom  of  the  crater,  aerial  ejectioni 
are  possible  and  probable ;  and  if  sunk  below  the  bottom,  thej 
may  continue  provided  there  are  cavities  large  enough  to  adrail 
of  the  action.  This  projectile  force  is  evidently  distinct  in  ori 
gin  from  the  supplying  force. 

2.  Kilmtea, 

6.  Character  of  the  lavas  of  projectile  ejections  and  of  those  JUab 
ing/rom  the  open  vmts.— The  lavas  of  projectile  ejections  whe= 
cooled  are  usually  scoriaceous  and  often  semi-glassy,  and  th 
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trittle  material  may  be  shattered  in  the  projection,  under  fric- 
t-ion  and  sudden  cooling,  into  the  finest  dust;  those  of  the 
streams  flowing  from  the  vents  or  pools  are  cellular  and   in 
psiTt  scoriaceous ;  over  the  bottom  of  Kilauea  in  1841,  they  had 
a    scoria-crust  of  2  to  4  inches,  easily  separable  from  the  stony 
part  below.     They  were  froth-covered  streams.     On   the  con- 
trary, the  melted  rock  escaping  from  fissures  in  non-volcanic 
regions,  and  those  of  the  remoter  fissures  about  a  volcano,  are 
generally   stony,   without   a   scoriaceous   aspect   in   any   part 
Even  over  the  bottom  of  Kilauea,  lava  that  had    come  up 
through  fissures  distant  from  the  lava-vents  was  of  the  more 
solid,  stony  kind  **  either  solid  stone  throughout,  or  so  except- 
ing a  compact,  glassy  extenor  half  an  inch  thick/'* 

'The  making  of  scoria  is  dependent  on  the  kind  of  action 
cliaracterizing  the  open  lava  vent — that  is  the  aerially  exposed 
extremity,  or  extremities,  of  a  lava-conduit.  In  a  fissure-ejec- 
tion,  some  one  or  more  places  in  the  fissure  may  be  broad 
enough  to  remain  open  as  lava-vents  with  the  usual  phenom- 
ena 

7.  Abundant  discfiarge  of  vapors  of  water. — The  exposed  ex- 
tremity of  a  lava  conduit  discharges  vapors  in  great  volume,  the 
anaount  of  which  increases  with  the  increase  of  activity.  When 
^^  Kilauea  in  1841,  an  immense  column  of  heated  vapors  stood 
<>ver  the  great  lava  lake  Halema'uma'u  (1,500x1,000  feet  by 
/▼ilkes's  measurement)  and  the  southern  half  of  the  crater — 
1^  base  some  hundreds  of  feet  above  the  lake,  owing  to  the  inten- 
^^^y  of  the  radiated  heat.  It  had  the  appearance  of  a  threatening 
storna-cloud  as  Wilkes  observes  (iv,  225).t  Yet  this  was  six 
Months  after  a  great  eruption.  At  limes  of  extreme  activity 
^he  pit  is  sometimes  so  densely  filled  with  the  vapors  as  to 
obscure  all  the  glowing  fires." 

Many  facts  show  that  the  vapors  are  chiefly  those  of  water, 
^  is  generally  believed.     The  features  of  the  clouds  were  those 
of  ordinary  clouds,  and   the  shrubbery  and  ferns  about  the 
Diargin  of  the  crater  derived  luxuriant  growth  from  the  con- 
densed moisture. 

No  direct  experiments  were  made ;  but  we  have  from  Mr, 
Emerson  on  page  90  of  this  volume,  the  statement  that  he 
was  half  an  hour  at  his  station  near  Halema'uma'u  W 
exposed  to  the  vapors  that  came  with  the  wind  from  over 
the  pit,  and  suffered  nothing  from  the  sulphurous  fumes  pres- 
ent; a  fact  showing  that  they  constitute  a  very  small  part  of 
the  vapors. 

While  vapors  are  so  freely  discharged  from  the  craters,  the 
Bmount  from  fissure  eruptions,  even  those  in  a  volcanic  region, 

*  My  Expl.  Exped.  Report,  p.  180.  f  Narrative  Expl.  Exped. 
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are  generally  small  unless  open  active  vents  exist  along  sac 
fissures.* 

8.  Projectile  action. — In  Kilauea,  in  1841,  the  projectile  acti« 
of  the  lava-pools,  consisted  in  the  throw  of  jets  of  laVa  tc 
height  of  30  to  60  feet  over  the  whole  liquid  surface — ma^ 
rising  and  falling  simultaneously.  I  watched  the  process  I 
some  time  while  within  four  or  five  feet  of  one  of  the  smal 
lakes,  and,  also,  but  necessarily  from  a  much  greater  distan 
the  more  brilliant  display  over  the  great  lake  of  Halema'uma 

This  lake,  owing  to  contact  with  the  air  above  had  usuallji^ 
red-hot  surface  (except  when  blackened  at  times  in  part  by 
oipient  cooling) ;  but  in  the  play  of  jets  over  its  wide  surface,  IL 
of  white  heat,  or  very  nearly  white,  opened  to  view  betw  < 
them,  which  a  companion  in  the  expedition.  Dr.  C.  Pickerm 
well  compared  to  a  net-work  of  lightning  flashes. 

The  jets  were  ordinarily  80  to  60  feet  high;  in  one  of  i 
small  pools  about  30  feet,  but  50  to  60  at  intervals.  At  tin 
of  lull  they  ceased  or  nearly  so.  The  diameter,  if  I  reraeml 
rightly,  was  three  to  six  inches.  With  a  mean  of  4  inches  anc 
height  of  30  feet,  each  would  have  contained  about  400  pouri' 
of  lava,  making  the  force  expended  equivalent  to  that  requi/** 
to  raise  400  pounds  10  or  12  feet.  They  were  in  form,  in  ri^ 
and  fall,  and  apparently  in  mode  of  projection,  like  the  litC 
jets  over  a  surface  of  boiling  water;  and  the  word  ehxdliiv^ 
seemed  to  all  appearance  to  express  what  was  going  on.  C 
other  occasions  jets  have  been  seen  of  100  to  200  feet,  and  al ' 
of  five  or  six  feet  and  less.  In  the  higher  jets  the  lava  is  us 
ally  broken  into  parts,  and  the  lowest  of  two  or  three  feet  a' 
sometimes  broad  and  hemispherical. 

The  boiling  movement  has  been  recognized  by  all  who  ha^ 
visited  the  crater.     E-ev.   Wra.  Ellis,  of  Kilauea,  in  Angus 
1823,  describes  a  lake  as  a  flood  of  fire  in  "terrific  ebullition 
and  Capt.  John  Shepherd,  E.  N.,  there  in  1839,  speaks  of  tl 
"violent  ebullition"  as  "caused  by  the  escape  of  elastic  flui 
which  tlirew  up  the  spray  [jets]  in  many  parts  30  to  40  feet.' 

In  the  case  of  "  blow-holes  "  the  boiling  process  goes  ^ 
beneath  a  small  aperture  in  the  solid  lavas,  and  the  liquid  ro^ 
is  thrown  up  in  masses  or  driblets,  with  swashing  sounds,  a.- 
volumes  of  vapor  at  each  throw.  Small,  steep  cones  of  la» 
are  made  around  the  hole ;  and  one  such,  surmounted  b^ 
column  consisting  of  adhering  lava  drops  (each  4  to  5  incl:^ 
across),  the  whole  40  feet  high,  is  figured  in  my  Report,  and  ^ 

♦  Prof.  J.  Prestwich  discusses  tlie  subject  of  the  agency  of  water  in  volo^^ 
action  at  much  length  in  a  valuable  memoir  read  before  the  Royal  Society* 
1886.  He  makes  no  use  of  the  facts  afforded  by  Kilauea  or  of  the  bearing  of  ^ 
phenomena  there  observed  on  the  great  subject  of  volcanic  action.  As  the  vieir 
here  given  on  the  agency  of  water,  and  the  special  methods  of  its  action  an 
those  of  1849, 1  have  no  occasion  to  make  further  mention  of  Prof.  Prestwich'* 
paper. 
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fig  tare  has  been  copied  into  several  text-books.     The  hole  may 
bo  ^hatis  left  of  a  small  lava  pool  after  contraction  from  cool- 
ing.   It  varies  greatly  in  size,  from  that  of  the  open  lava-pool 
to   a  diminutive  hole  through  which  drops  of  lava  only  a  fourth 
of  an  inch  in  diameter  are  thrown  put.     One  of  the  specimens 
'^Viich  I  obtained  at  the  crater  was  a  group  of  three  slender 
col  umns,  two  to  three  inches  apart,  and   about  seven  inches 
high,  each  made  of  lava  drops  of  the  small  size  mentioned — ^a 
fourth  of  an  inch.     Often  the  blow-hole  emits  intermittently 
only  steam,  whose  rush  out  sustains  the  appropriateness  of  the 
name.    Prof.  Van  Slyke  describes  one  in  action  and  ejecting 
lava,  on  page  96,  and  Mr.  Dodge  speaks  of  others,  emitting 
steam  only,  on  page  100. 

Eev.  C.  S.  Stewart,  at  his  second  visit,  in  1829,  saw,  as  he 
states,  four  cones  from  a  few  feet  to  twenty  in  Ijeight  project- 
ing flames  [lava-jet]  under  a  "  laborious  action  of  steam,''  one 
of  which,  tapering  almost  to  a  point,  had  "been  formed  by  suc- 
cessive slight  overflowings  of  lavas  which,  as  it  rolled  down, 
cooled  into  irregular  flutings  ornamented  with  rude  drops  and 
pendants  *' — a  good  example  of  blow-hole  Action  and  result. 

9.  Source  of  the  vapors, — While  part  of  the  vapors,  as  is  well 
understood,  are  from  the  same  deep  source  as  the  lavas  or  from 
^beir  constituents,  and  some  water  may  be  here  included,  far 
^ne  larger  part  have  a  more  superficial  source.  The  vapors 
"*^ni  the  deep-seated  source  of  a  conduit  should  vary  little  in 
^niount  except  through  variation  in  the  area  of  liquid  rock 
exposed ;  and  the  same  wpuld  be  true  if  the  lava  were  a  fused 
^^dimentary  rock  of  the  depths  below.  But  in  fact,  the  varia- 
^*5^n  between  a  time  of  quiet  and  of  approaching  eruption  is 
^^^n  immense;  the  amount  may  increase  rapidly  as  the  height 
^^  the  lava  in  the  vent  increases,  proving  that,  as  usually  con- 
^^ded,  other  more  superficial  sources  of  water-vapor  exist. 

The  more  superficial  source  may  be  either,  as  is  generally  ad- 

jputed,  the  sea,  or  the  fresh  water  of  the  land.    Marine  products 

^^ke  chlorides  abundantly  deposited  about  steaming  fissures  in 

^"^  crater  and  outside,  as  at  Vesuvius,  have  been  accepted  by 

^ost  writers  as  evidence  of  the  access  of  marine  waters;    and 

^he  absence  nearly  of  such  products  at  Kilauea,  I  regarded  as 

^^idence  of  the  access  there  of  terrestrial  waters  mainly.     The 

^^^ter  are  as  likely  to  be  concerned  as  the  former,  and  the  more 

^^  in  most  volcanic  regions  on  account  of  the  distance  from 

^ne  sea. 

The  very  abundant  rains  over  eastern  Hawaii,  the  bare  cav- 
^^nous  lavas  of  the  mountains,  arranged  partly  in  layers  or 
streams,  and  partly  in  vertical  dikes  often  radiate  to  the  crater, 
find  the  freedonrx  from  water-courses  over  a  large  part  of  the 
eastern  and  southern  slopes  of  Mt.  Loa,  led  me  to  regard  the 


108  e/.  D,  Dana —  Volcanic  Action. 

waters  from  rains  as  the  chief  supply  ;  and  Mr.  Coan,  who  lived 
for  years  at  the  foot  of  Mt.  Loa  and  watched  the  volcanic 
movements,  was  the  first  to  suggest  that  seasons  of  abundant 
rain,  besides  multiplying  steaming  holes,  increased  activity  and 
favored  eruptions. 

10.  The  introduction  of  outside  waters,  whether  marine  or 
fresh,  into  the  lava  conduit  has  often  been  thought  an  impossi- 
bility ;  and  still  it  must  be  a  fact,  as  this  is  the  only  means  of 
getting  the  required  water.  The  waters  of  the  land,  especially 
those  of  great  rains,  becoming  subterranean,  would  descend 
deeply  along  the  various  vertical  fissures,  and  the  spaces  by  the 
sides  of  dikes,  it  may  be  to  thousands  of  feet,  since  the  bottom 
of  Kilauea  is  between  three  and  four  thousand  feet  above  the 
sea  level,  (and  the  summit  of  Mt.  Loa  over  thirteen  thousand); 
and  if  the  copious  waters  filling  the  narrow  passage  ways  below 
over  a  large  area,  anywhere  reached  the  hot  region  along  the 
conduit,  they  would  encounter  the  action  of  the  heat  under  great 
hydrostatic  pressure,  and  be  forced  by  the  steam  pressure  gen- 
erated into  the  conduit  of  ascending  lavas  as  the  easiest  and 
only  way  of  escape.  Once  within  the  conduit,  they  would 
follow  the  course  of  the  hotter,  more  liquid,  and  upward-mov- 
ing central  portion,  and  expand  into  vapor  toward  the  surface, 
there  to  make  cellular  and  scoriaceous  lavas,  and  escape  as  they 
could.  The  lavas  from  fissures  that  tapped  the  conduit  below 
the  level  where  the  chief  part  of  the  waters  were  received 
should  be  feebly  cellular,  or  not  at  all  so;  but  froth-covered 
streams  might  be  expected  from  the  vents  or  pools  of  the  crater; 
and  cellular  or  scoriaceous  from  tapping  near  the  top.  The 
facts  at  Kilauea  correspond  precisely  with  this  view  of  the 
operations,  and  give  the  explanation  full  support.  The  play  of 
jets  over  the  surface  may  serve  to  entangle  some  air  and  add  to 
the  volume  of  the  confined  vapors.  But  air  alone  has  very 
feeble  expanding  power  when  heated,  and  could  not  make  cells 
in  the  heavy  liquid  and  much  less  make  a  scoria.* 

11.  Projectile  force  at  Kilauea. — The  vapors  within  the  viscid 
lava  struggling  for  escape  are  the  obvious  and  the  only  possible 
source  of  the  projectile  results.  The  elastic  force  of  the  vapors 
would  depend  on  the  resistance  to  escape,  and  the  resistance  on 
the  viscidity,  as  in  the  ordinary  boiling  process.  The  ascending 
spheres  of  vapors  in  the  upper  or  more  superficial  part  of  the 
conduit  would  become  bubbles  at  the  surface ;  and  the  bubbl 
would  continue  to  enlarge  there  until  the  elastic  force  withi 
was  suflicient  to  break  the  upper  or  weaker  part,  when  a  verti 


*  Tlie  facts  observed  by  Prof.  J.  W.  Jiidd  with  regard  to  the  waters  presec 
(sometimes  over  8  per  cent)  in  an  obsidian,  (Geol.  Map.  for  June,  1886),  ha 
interest  here.    See  also  the  important  paper  by  J.  P.  Iddiugs  on  Lithophysie 
page  3 C  of  this  volume. 
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cal  or  nearly  vertical  projection  of  the  materials  of  the  broken 
babble  would  follow.  A  partial  cooling  of  the  lavas  tends  to 
increase  viscidity,  and  this  may  account  for  the  higher  jets. 
The  mechanism  exists  in  Kilauea  for  making  cinder  ejections; 
but  in  the  case  of  so  low  jets — 30  to  60  feet — the  liquid  mate- 
rial descends  before  it  has  had  time  to  cool  and  the  dropping 
masses  that  fall  outside  the  lava  pool  plaster  themselves  to  its 
sides.  The  only  cinder  cones  are  found  on  the  slopes  outside 
of  the  crater  where  greater  viscidity,  due  to  partial  cooling,  may 
have  existed.* 

Kilauea  continues  this  easy,  quiet  throw  of  jets  even  in  the 
covered  chambers  of  the  now-existing  cone.  Mr.  Van  Slyke 
ppeaks  of  the  puffing  up  and  throw  of  the  lavas,  and  the  swash- 
ing sounds.  The  work  going  on,  producing  these  sounds  and 
the  throw,  is  the  same  as  has  been  described — the  breaking  of 
babbles  of  the  viscid  lava  by  the  elastic  vapors  or  gases  within 
theoL 

12.  Fundamental  forces  at  work  in  Kilauea. — In  review :  the 
two  chief  sources  of  upward  movements  are  (1]  the  slow-acting 
ascensive  force  carrying  the  lavas  to  the  suriace,  where  they 
become  exposed   to   earth-surface   agencies.      (2)  The  elastic 
force  of  the  vapors  escaping  in  bubbles  from  the  exposed  sur- 
face of  liquid  lava,  proaucing  projectile  effects;    these  vapors 
partly  of  ascensive  origin,  but  chiefly  from  external  waters  that 
Wome  subterranean  and  were  forced  into  the  conduit.    In  addi- 
tion to  the  above:   (8)  Subterranean  vapors  in  confined  spaces 
(fl)  derived  from  the  surface  of  the  underground  liquid  lavas 
(those  of  the  top  of  the  conduit),  or  (^)  made,  gradually  or 
catastrophically,  from  the  approach  or  access  of  waters  to  the 
sides  of  the  conduit,  may,  by  pressure,  produce  : 

(a)  Disruptive  effects,  opening  fissures  within  the  crater  and 
in  the  mountain's  sides. 

(i)  Displacements  or  uplifts  over  large  or  small  areas;  and 
op*?ninff  spaces  for  the  intrusion  of  lavas. 
M  When  acting  on  a  surface  of  liquid  lava,  the  thrusting  of 
^|ie  lava  into  open  spaces  between  layers  and  thus  producing  an 
®|6vation  of  the  overlying  bottom  of  the  crater  and  of  the 
^desof  hoiling  lakes;  or  into  fissures,  and  in  the  latter  carrying 
^"Mavas  to  heights  several  hundred  feet  above  the  level  of  the 
active  vents  of  a  crater,  as  in  cases  above  mentioned,  just  as 
P^iQeral  oil  is  often  thrown  to  heights  by  the  confined  gases 
below. 

.  W  The  hydrostatic  pressure  of  the  column  of  liquid  lava 
1^  the  crater  is  a  common  source,  probably  by  itself,  and  cer- 

.  ^n  former  periods  puraice-liko  cindor  ejections  took  place  from  Kilauea  or  its 
^'^ty;  but  they  cover  a  wide  surface  south  of  the  crater,  instead  of  forming 
^^   See  my  Report,  p.  183. 
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tainly  in  combined  action  with  the  preceding,  of  extei 
fractures  and  outflows,  and  sometimes  in  the  case  of  both 
Mt  Loa  summit  crater  and  Kilauea,  of  large  and  lofty  foun 
like  throws  of  the  extended  lavas. 

(5)  The  expansion  of  the  moisture  in  the  liauid  lava 
vapors  as  the  lava  approaches  the  surface,  thereby  expan< 
the  lava  in  this  upper  part,  making  it  cellular  and  raising 
level  of  the  surface.  This  effect  is  limited  by  the  amoun 
moisture  present,  and  by  the  degree  of  pressure  that  pre? 
moisture  below  from  taking  the  form  of  vapor. 

(6)  Underminings,  through  the  discharge  of  lavas.  lea( 
often  to  subsidences  and  engulfments,  and  chiefly  of  thecec 
parts  of  the  volcano  about  and  within  the  crater. 

In  1840,  after  a  time  of  violent  activity  over  the  whol< 
Kilauea,  the  subsided  area  included  a  large  part  of  the  floe 
tlni  crater,  it  being  nearly  two  miles  long  and  about  two-th 
of  u  mile  in  mean  breadth,  with  the  depth  nearly  400  feet 
left  the  crater  over  the  sunken  floor  nearly  1,000  feet  deep 
elHcwhcre  over  600  feet. 

In  18H0,  after  more  local  activity  the  subsidence  was  mo 
con  lined  to  llalema'uma*u  and  its  vicinity  (including  New  L 
th(i  an;a  about  half  a  mile  square;  the  depth  of  the  subside 
wiiH  nnwill,  the  depressions  that  were  left  being  due  mainl 
till!  cscapti  of  the  lava  and  some  sinking  of  the  walls  of  the 
pits.  Owing  to  the  overflowings  and  intrusions  of  lavas  s 
|Hl(»  without  equivalent  subsidences,  the  mean  depth  of  Kih 
II  ft  IT  this  last  eruption  was  about  400  feet  There  may  be  ^ 
rrnj)ty  chambers  beneath,  and  after  a  time  of  general  acti 
nnu  ^-^reat  discharge,  another  subsidence  like  that  of  184( 
I'xtr.iit  may  occur. 

'Vhr.  form  of  Kilanea  and  character  of  the  operations  now  g( 
oil  within  it  show  that  the  activity  (ebullition,  etc.)  was  at  s* 
tnn<'  in  thi^  past  so  general  over  the  included  area  that  the  i 
;ii<|<nri!H  which  followed  the  eruption  affected  the  whole,  ne 
fo  \\ir.  pn-s(?nt  outer  walls;  and  that  under  such  condit 
Kihiuru  look  its  form  and  size.*  The  underminings  that  b 
nun't'  tn'A'MWrd  have  from  time  to  time  caused  down-plunge 
iiortioHM  o(  tluj  walls  into  the  emptied  spaces  beneath  and 
Iii<'ir/iii«'d  Hoin(iwhai  its  extent  just  as  the  walls  of  the  pits  in 
riiili'i  <Miipti<'d  by  an  eruption  continue  to  fall  until  the  pits 
li\\ii\  h^nuii  with  lavas. 

M.    I'e.siiows  and  other  Volcanoes, 
j;{    li'nuilnmrntitl  forces  in  Vesuvius  and  other  Volcanoes. —^ 
yjiiT  /in'l   tli*^   Hawaiian   volcano  differ  much  in  externals, 
iHii    in  l"t<*«H,  or  in  their  mode  of  action. 

4'ii(   i.lnin  In  l'.lli^^'H  lN»lyii('Hian   Ucrtearches  represents  the  lower  pit  in 
iualiii!  M  jii«^.»i  rMi).lioii),  MM  riMU'hing  at  tlie  time  very  nearly  to  the  outer  W8 

MM'M 


J,  D.  Dana —  Volcanic  Action^  111 

TThe^ra^of  the  operations  mentioned  above  is  necessarily  the 
same. 

T^he  second  method  of  work  and  its  consequences  must  also 
\)e  the  same  ;  for  vapors  rise  and  escape  from  the  crater  in  great 
abundance  during  periods  of  special  activity,  as  attested  to  by 
many  observers.  For  years  the  outside  waters  needed  to  af- 
ford the  working  steam  gain  access  quietly  ;  but  at  times  there 
have  been  large  incursions,  as  proved  by  the  violence  of  the 
earthshakings,  the  vast  amount  and  height  of  the  cloud  of 
vapors,  and  the  lofty  projection  of  cinders. 

The  recent  eruption  in  the  Tarawera  Geyser  district,  New 
Zealand,  affords  an  example  in  which  only  fresh  waters  were 
concerned,   and   one   of    much    instruction.      The    Tarawera 
rciountain,  its  height  about  3,600  feet  above  the  sea  level,  though 
^ade  of  volcanic  rocks,  had,  previous  to  the  eruption,  as  Mr.  S. 
Percy   Smith    reports  from  observations  in  1874,  no  distinct 
crater.     On  the  morning  of  the  10th  of  last  June,  after  some 
J'umblings  for  an  hour,  the  mountain  (at  2.15  A.  M.)  was  rent 
Win  north  to  south ;  three  craters  were  seen  to  be  in  action ; 
^^d   soon  after,  as  later  observations  have  shown,   there  were 
®€v^en  craters  in  the  course  of  2^  miles  along  the  top  of  the  fis- 
sured mountain,  and  other  small  craters  on  what  was  properly 
^"  ^:xtension  of  the  fissure  six  miles  to  the  southwest     Black 
^'^uds,  lighted  below  b}^  the  fires,  rose  to  a  height  of  "  10,000  to 
12,000  feet,"  and  red  hot  scoria  and  cinders  were  shot  up  a  thou- 
sand  feet  or  more.     The  rain  fell  with  the  falling  cinders  in  tor- 
ren  t^^  accompanied  with  the  thunderings  and  shifting  winds  of  a 
^^^ado.     By  daylight  the  village  of  Wairoa,  five  miles  distant, 
^^^-^  covered  a  foot  deep  with  mud,  made  from  the  ejected  cin- 
"^^■^  or  volcanic  ashes,  and  the  descending  waters  (rain). 

T^hree  days  later,  the  action  in  the  mountains  had  mostly 
^^  i  ndled  to  steaming  fissures,  and  on  going  to  the  region,  it 
^^^  found  that  the  fissure,  which  was  over  two  hundred  yards 
^*^e,  passed  through  Lake  Eotomahana,  I  X  J  m.  in  area; 
^•^^t  the  lake  had  lost  its  water;  that  the  bottom  was  250  feet 
"^low  its  former  level,  and  in  it  there  was  a  line  of  mud  craters 
APk^^  geysers,  one  of  the  craters  throwing  the  mud  to  a  height  of 
^^O  to  800  feet  Evidence  of  the  work  of  ejection  and  engulf- 
^^ntin  the  mountain  existed  in  the  great  size  of  the  fissure 
^P^ned,  and  also  in  the  depth  and  size  of  the  mountain  craters, 
^^^  of  them  900  feet  deep,  another  600,  with  five  others  of  less 
^l^th,  besides  a  great  sunken  area,  2000  feet  long,  600  wide, 
^^O  250  to  800  deep  in  the  southwestern  slope  of  the  Tarawera 
P^^^un tain  facing  Lake  Eotomahana.  There  can  be  no  doubt 
,^^e  that  in  this  great  outbreak,  so  sudden,  so  abundant  in  cin- 
^^r  ejections  (but  no  flow  of  lavas),  the  lost  waters  gained  access 
^    the  fires  under  the  mountain.     The  waters  were  in  so  great 
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abundance  that  they  could  not  be  driven  back  by  the  ster 
made  at  their  approach  to  the  fires;  and  the}'  conaequen'^^'Z.  v 
entered, — tlie  opened  mountain   having  made  upward  escfl^  ^p»e 
for  hivas  and  steam  p<>j5sible ;  an<l  thence  came  the  steam  pov%?-  <?r 
for  the  grand  occasion.     And  perhaps,  the  cooling  action  of     sso 
large  a  body  of  water  may  have  put  the  surface-fires  out,  les^  x'- 
ing  the  heat,  however,  in  possession  as  before,  at  no  great  de|j>  t  h 
below. 

Cinders  are  projected  to  a  greater  height  at  Vesuvius,  and    i  n 
most  other  volcanic  rcfrions,  than  at  Kilauea:  but  this  is  proof 
simply  of  greater  viscidity  in  the  lavas :  and  the  projected  la  vrxs 
fall  in  cooled  masses  or  cinders  because  of  the  height  of  projeo- 
tion.     Greater  visciditN'  leads  to  the  production  of  larger  vapo  r- 
made  bubbles  before  the  explosion,  and  therefore  fewer  oftnex'Ti 
over  a  given  surface  of  liquid  lava:  and,  in  times  of  modem  '•^^ 
activity,  the  number  may  be  only  half  a  dozen  or  a  single  or^-® 
at  a  time,  while,  on  a  like  area,  lavas  with  the  Kilauea  degrt^^ 
of  viscidity  would  have  scores.     When  at  Naples,  in  May  c:^^^^ 
1834,  there  was  at  night  an  interval  of  seven  to  eight  miuate^s^^^^I^ 
between  the  exulosioiis  or  the  throw  (some  hundreds  of  feet  i  c 

height)  of  fiery  cinders;  on  the  ascent,  the  following  dajr,  o^^^^^ 
four  to  five  minutes;  and  on  passing  Stromboli,  a  fortnigh  ^    ^, 
later,  June  16th,  of  fifteen  to  twenty  minutes — the  activity  be-^^. 
ing  less  than  usual,  explosions  every  2  or  8  minutes  being  com  ^    a.^ 
mon.     As   Spallanzani.  Hofmann,  and   others   have  seen  th^  ^--f\<t 
rising  bubble  within  Stromboli,  the  bursting,  and,  followinf*^  ^^=> 


this,  the  rush  of  vapt)r  and  the  cinder  projections,  there  is  nc^  ^^n 
reason  lo  doubt  that  at  Vesuvius,  also,  each  throw  of  cinder^*^^     ' " 
has  the  same  source.     Mr.  John  Milne  states  that  on  his  ascenr  ^     \ 
of  thr  Jsipan  volcano,  Oshima,  in  May,  1877,  on  approaching^  f'-^j 
th(i  ti)p,  succi\<sive  explosions  were  heard  every  two  seconds  -^-^ 
with  o(!casional  pauses,  which  explosions  he  found,  on  reaching.  ^^ 
the  top.  to  be  due  to  successive  outbursts  of   steam,  each  pro^^'^'^ 
ji'ciiri;.^  ashes  ;ind  lK)mbs  to  a  height  of  nearly  0000  feet,  tha  >^  ^  ^'* 
l«:ll  vertically  unless  wafted  by  the  winds.*  ^  . 

At  the  eruption  hist  June  in  New   Zealand,   above  referrec^  ^=J '^ 
1';..   till*  "tremendous  ro:ir  "  of  the  craters  that  added  to  th» -^  ^J^^ 

terrors  at   Wairoa,   liv<^   miles  distant,    was  at  Auckland,    12^ ^ 

f/iilitu  ;iwav  t,«>  the  northwest,  resolved  into  "a  series  of  detonoT'.^    f' 


iioh>-,  lil;«'  tin*  firin'j"  of  a 


>rolonire<l  salute  at  ttiinute  iniervdl^^" 


>) 


v/itli  an  ociMyiMrmi    liiil.''t     This   fact   signifies  that  onlv  th    ^'^^ 
li'-avn-jol"  tlir  .inia!   vil)raii(Uis  reached  that  place.     The  roa-^'"*' 
r.'-aid  ai  WaiuM  was  due  to  tiie  simultatieous  explosions  in  th 
':/'ral   ariiv«-  craters  and   the  storm  and  earthquakes:    an< 

•  .[■;Mi'H-    'ii  J  i|iiri.  'I'r:iiiJ.  Sristii.  Soo.  Japuii.  ii,  part  2.  1886. 

i       I  r.,..t...!,   IT   i.ir.iwim  with  .111  iuvount  of  the  Thermal  Sprini;:^  <iisS* 

.    ',    /.  .iLiici      .    I"    \V.  I,i'\s. 
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the  "minute"  guns  heard  at  Auckland  were  the  larger  explo- 
sions; and  such  a  periodicity  in  the  detonations,  so  rapid  and 
continuous,  shows  that  they  were  those  of  exploding  vapor- 
made  bubbles ;  for  nothing  else  in  the  mechanism  of  a  volcano 
can  produce  it 

The  catastrophic  effects  of  such  an  action,  where  the  jets  are 
single  or  few,  are  small,  because  the  break  of  the  vapor-enclos- 
ing shell  takes  place  at  the  top,  and  the  throw  is  nearly  verti- 
cal; the  energy  is  wasted  in  the  throw  of  the  fragments.  Where 
many  jets  rise  together  in  such  lavas,  as  in  a  time  of  violent 
eruption,  the  explosive  action  is  great ;  but  it  is  still  greatest  at 
the  center  of  activity,  which  is  that  of  greatest  liquidity  and 
easiest  movement.  A  cone  of  cinders  about  the  vent  might  be 
destroyed  by  being  added  to  the  projections  ;  but  the  more  dis- 
tant walls  could  suffer  but  little  from  the  projectile  action,  ex* 
cept  in  the  way  of  fissurin^,  and  this  might  be  all  owing  to 
subterranean  sbakines  and  the  undermining;  for  t)he  force 
from  the  accumulated  elastic  vapors  in  the  rising  and  explod- 
ing babbles  is  too  much  confined  by  the  limits  of  the  area  of 
liquidity  within  the  crater.  Hence  we  have  reason  to  doubt 
jnuch  that  has  been  written  about  explosive  eruptions  pro- 
jecting off  the  topsof  mountains;  or  at  least  to  question  it,  un- 
til the  piles  of  great  rocks  from  such  projections  have  been  de- 
scribed.* 

The  height  of  the  aerial  projections  in  some  volcanoes  is 
paeasured  by  thousands  of  feet;  but  how  much  of  this  height 
is  owing  to  ascending  currents  of  air  is  not  stated.  The  fine- 
ness of  the  dust  that  goes  to  great  heights  makes  it  of  easy 
transport 

li  The  other  forces  acting  at  Kilauea,  must  be  alike 
^tive  in  all  volcanic  regions.  The  third  is  the  one  usually 
appealed  to  by  writers  in  their  explanations  of  eruptions,  espe- 
cially 3a,  3J;  and  that  numbered  3c,  must  have  its  effects  also, 
^though  less  easily  detected  where  the  crater  is  not  broad  and 
^pen,  like  Kilauea.  T\\q  fourth,  hydrostatic  pressure,  has,  tio 
doubi,  far  more  common  effects  than  has  l)een  recognized, 
Specially  in  high-sloped  mountains  like  Vesuvius.  The  quiet 
cliaracter  of  many  of  the  fracturi'igs  at  Vesuvius  and  of  some 
2f 'te  large  eruptions  are  strongly  in  favor  of  this  conclusion. 
T^ljc  sixth  operation — subsidence  or  down-plunge  of  the  under- 
lined parts  of  the  mountain — should  be  doul)ly  more  active 
^t  Vesuvius  than  at  Kilauea,  since  the  undermining  in  the  lat- 
^^is produced  only  by  the  outflow  of  lava,  while  at  Vesuvius 
^l^ereisloss  both  by  outflow  and  uptlirow.     I  have  alluded  to 

*  Acoordiug  to  8omo  describers  of  the  New  Zoalnnd  eruption,  the  Taniwera 
Jjttotain  bad  its  top  blown  off  in  the  making  of  the  great  southwest  chasm. 
**pUoe  affords  an  opportunity  to  as(«rUain  whether  the  piles  of  masses*  of  the 
•**  web  which  in  that  case  should  exist,  are  to  be  found  to  the  soutliwestward. 
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this  point  alreailj  in  this  Journal  (xxxi,  396,  18S6)  and  need 

not  rep(»at  here. 

If).  In  external  dress  the  crater  of  highly  viscid  lava  is  verj 

unlike  that  of  the  feehly  viscid.     The  cone  in  the  former  ofter 

rises  with  slopes  of  3*»^"io  35^  ;  that  in  the  latter,  often  of  bu 

6'^  to  hV\     The  former  commonly  uses  cinders  largely  in  male 

ing  its  cone,  or  else  lias  the  less  fusible  orth<x:ilase  lavas  to  dea 

with  :  the  latter  is  cliielly  lava-made,  cinder-deposits  being  sub 

orvlinate  to  those  of  !ava.     The  crater  in  one  is  lengthened  up 

ward  a»  top  by  einders ;  and  has  cinder  cones  about  each  ver 

of  liiiuid  lava  within  the  orater;   that  in  the  other,  is  often 

bn^ad  pit,  with  a  \\oot  of  CkK>led  lavas  over  which  are  large  an 

snKill  lava-venis.  and   low   lava-made  cones.     The  volcano  c 

the  former  kind  is  m.^re   liable  to  catastrophic  eruption   wit' 

noisv    earih-shooks.   liioisgh   often  quiet  in  some  discharges 

those  o{  the  la: tor  eo:iimonly   work   with  comparative  quie 

ha  vim;  their  larsre  ou:::ows  a:  times  without  announcements  c 

an V  kind  to  t  i lose  •  \ wel ". i :i ^r  a  lew  :n : '. e>  a wa v.    T hese  are  di ffe 

enees;  but  :liev  r.ro  airtore::oos  :::  s."»me  of  the  results  of  tb 

aetion  coinir  on.  no:  in  ea:;scs«^r  :::e:i.o.is.     Tiie  rirst  of  the  tw 

kinds  oi  volvwr.oes  :  ve:\.re>  for  a  v.ew  eruption  bv   the  cradu: 

•      •  ft  •  ^« 

lilliMi;  of  the  e:::v:ievl  or;\:cr.  vi .v-.j  :h;s  bv  means  of  one  c 
more  l:iva-ver.:s  i".  :V.e  '\^::  ^::"i.  ivliio:..  V-esi-les  throwing  u 
einiK'vs.  !i:»\e  :  .v*-.:-  *.-.::'e  o::::^»v>  .:;>  .ve'.!  described  by  Seaoc' 
fov  Ves;iv:;;s\  ;v^Kt  kee:^  ;-.:  :..o  »v  Ta*  ■::*.:"'.  :"u^  oraier  is  tilled  • 
r.e:.v'.\  so;  :r^i  :";:ev  oo*:*>  :.-.:'•  ":  : ■...k  .i:.  :  :..e  greater  ouiflovs 
r  i'  >i\\^'.'..:  ki:  .i  vr.:\^'  .^:.'v  ;.<  :o  :..e  :ivvivrs:  and  in  Kilaue 
;is  :•'  \'.c  :>i  •.:';•.:  ^'t  :..,•  :".v^r  v"  :.-.  .r.;:;:  l';.vore  the  outbreak. 
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SkfLer  history,  to  changes  in  the  locas  of  the  chief  vent,  or  an 

elongation  of  the  crater  in  one  direction  rather   than  another. 

7be  form  of  the  Kilauea  crater,  and  the  existence  of  those 

ste&ming  fissures  southwest  of  it  and  others  on  the  northeast 

side,  suggest  some  such  determining  cause  of  change.     The 

elongated  form  of  Haleakala,  the  great  crater  at  the  summit  of 

Eastern  Maui,  may  have  this  explanation. 

17.  Quiet  after  an  Eruption. — A  decline  to  a  season  of  quiet 
follows  an  eruption  because  the  preceding  action  had  opened 
fissures,  and  so  the  crater  and  the  upper  part  of  the  conduit  had 
become  emptied  of  lava,  and,  as  a  consequence,  had  also  become 
chilled  down  to  the  new  surface.  Further,  in  the  inactive  or 
w-eakened  condition  thus  occasioned,  the  coolingof  the  conduit- 
lavas  might  sometimes  extend  to  a  great  depth  because  of  the 
still-con tinned  intrusion  of  subterranean  waters.  The  complete- 
ness of  the  quiet  and  the  length  of  the  interval  would  natu- 
rally vary  with  the  greater  or  less  extent  of  the  discharge  and 
^\  the  accompanying  cooling  influences.  An  empty  caldron 
*^ill  not  overflow  before  its  cracks  are  mended  and  the  steam 
apparatus  at  work  has  again  filled  it;  and  it  may  be  so  badly 

^*'acked  and  the  supply  of  heat  so  cut  ofiF  as  to  fail  of  further 
ttse. 


"^^T.  XII. — On  the  Coahuila  Meteorites;  by  Oliver  Whipple 

Huntington.    With  Plate  III. 

.  Tk  the  October  number  of  this  Journal,  appeared  a  descrip- 
*jpn  by  VV^illiam  Earl  Hidden  of  an  assumed  new  meteorite 
^scovered  by  Mr.  0.  C.  Cusick,  U.  S.  A.,  near  Fort  Duncan, 
'***>^verick  County,  Texas. 

On  reading  the  article  referred  lo,  the  author  was  at  once 
^^Uck  by  the  close  resemblance  of  the  iron  described  by  Mr. 
5*-*dden  to  those  described  by  J.  Lawrence  Smith  under  the 
^^a.d  of  Coahuila  Irons;  and  supposed  to  belong  to  one  fall, 
?^t  found  on  the  opposite  side  of  the  Rio  Grande  River  from 
^^verick  County.     The  Coahuila  Irons  referred  to  are — 

1.  Sta.  Rosa  Sancha  Estate,  found  in  1850.* 

2.  Butcher  Iron  found  in  1866.t 

3.  San  Gfegorio.:j: 

4i  Chihuahua  Hacienda  de  Conception.* 


\ 


This  Journal,  1865,  vol.  xix,  pp.  160-163. 
Id.,  vol.  xlvii,  pp.  383-386. 
Id,  ii,  1871,  pp.  336-338. 
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Mr.  Hidden 's  reasons  for  thinking  the  Maverick  County  In 
does  not  belong  to  the  Coahuila  group  are   as  follows  (tl 
Journal,    October    1886,    p.    306):    "The    Maverick    Coun 
Meteorite    was   found    more   than    one   hundred   miles   in 
due   east    direction    from    the    famous    Butcher   Irons   fro 
Coahuila   and    that    from    the   Sancha    estate,    Mexico,    bol 
described  by  Smith.     But  the  density  and  composition  of  th( 
last  two  irons  show  marked  diflFerences  from  that  of  Maveric 
County,  Texas.     *The"Sancha  iron  had  a  density  of  7*81  ai 
presented   the   figures  of  Widmanstatt  similar   to  that  of  tl 
Braunau  iron,'  (Smith).     The  smooth  surface  and  regular  fori 
of  this  iron  from  Maverick  County  would  also  preclude  its  b« 
ing  a  part  of  another  fall,  as  it  seems  to  be  complete  in  itself.. 

That  the  Maverick  County  iron  was  found  one  hundn 
miles  east  of  the  Butcher  iron,  does  not  interfere  with  its  b< 
longing  to  the  same  fall ;  since  the  Santa  Rosa  and  Butche 
irons  were  eighty- five  miles  apart,  the  Butcher  and  San 
gorio  about  three  hundred,  and  the  San  Gregorio  and  Concep^^ 
tion  about  ninety  miles  apart.  Moreover,  J.  Lawrence  Smife^ 
writes  (this  Journal  ii,  1871,  pp.  335-338)  that  these  w< 
probably  products  of  the  fall  of  one  meteoric  mass,  movinj^ 
from  the  northeast  to  the  southwest,  the  smaller  fragments  fall- 
ing first  The  meteorite  described  by  Mr.  Hidden  is  small  ii 
comparison  with  the  others,  and  thus  would  naturally  be  founds— 
farther  to  the  east. 

The  Santa  Rosa  iron  weighed  252  lbs.  The  Butcher  irons 
weighed  respectively  290,  430,  438,  550,  580  and  654  lbs.  The 
San  Gregorio  was  calculated  to  weigh  about  five  tons,  and  the 
Hacienda  or  Conception  about  3-53  lbs.  And  then  there  is 
still  a  fifth  mass  said  to  be  larger  than  any  of  the  others. 

Mr.  Hidden  states  in  his  paper  that  the  density  and  compo- 
sition of  the  Santa  Rosa  and  Butcher  meteorites  *'show  marked 
differences  from  that  of  the  Maverick  County,  Texas  ;'^  but  he 
mentions  the  density  only  of  the  first.  It  is  worthy  of  note  in 
this  connection  that  the  densities  of  the  Santa  Rosa  and  the 
Butcher  irons  differ  from  each  other,  according  to  Smith's  de- 
termination, nearly  as  much  as  the  Maverick  County  iron  dif- 
fers from  the  Butcher  iron,  and  yet  the  two  former  are  accepted 
as  portions  of  one  fall. 

In  order  to  sec  how  far  we  can  rely  upon  specific  gravity  for 
distinguishing  these  irons,  ten  determinations  were  made  with 
different  fragments  of  the  same  specimen  of  the  Butcher  iron, 
and  these  have  been  compared  below  with  similar  determina- 
tions of  the  other  Coahuila  irons. 
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Sta.  Rosa. 

San  Gregorio. 

^acieDda 

7^616 

7-925 

7-740 

7-953 

7-751 

7-963 

7-477 

7.836 

7-826 

7-556 
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7-631* 

7-734 

7^758 

7-632 

7-487 

7-831 

7-867 

7^858 

7-406 

7.727 

Smith    7-692 

7^810 

7-84 

Maverick  County 

7-522 

Comparing  Smith's. analyses  of  Santa  Bosa  and  the  Butcher 
irons  with  the  Maverick  County  as  given  by  Hidden,  it  will  be 
seen  at  once  that,  if  Smith  could  conclude  from  the  similarity  in 
composition  of  the  Santa  Rosa  and  Butcher  irons  that  they  be- 
longed to  onefall,  there  appears  no  reason  for  considering  that 
^he  Maverick  County  has  a  new  composition,  as  it  agrees  more 
closely  with  the  Coahuila  analyses  than  they  do  with  each  other. 
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Maverick  Co 
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95-82 
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•35 

Phosphorus 

•02 

•24 
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Furthermore,  Mr.  Hidden  speaks  of  Smith's  having  compared 
"the^etched  surface  of  the  Coahuila  iron  with  that  of  the  Brau- 
^an.    This  comparison  was  made  because  the  Braunau  was  the 
i^earest  iron  at  that  time  to  compare  it  with,  though  differing 
'Widely  from  the  Coahuila.     Mr.  Hidden's   description   of  the 
etched  surface  of  the  Maverick  County  iron  applies  most  per- 
fectly to  that  of  the  Coahuila  iron,  particularly  the  appearance 
of  two  sets  of  fine  parallel  lines,  which  become  obliterated  by 
the  continued  action  of  the  acid.     That  these  lines  crossed  at 
bogles  of  70°  and  110°  of  course  means  nothing  when  the  surface 
^as  cut   at   random.     (This  Journal,  Oct.  1886,  p.  284-303.) 
The  accompanying   plate   printed   directly   from    a   specimen 
J?f  the  Butcher  iron  will  be  seen  to  be  wonderfully  like  fig.  3 
/n  Jkfr.  Hidden's  paper,  already  referred  to,  and  this  appearance 
^^  iSl^^^'y  different  from  any  other  known  iron. 

Then  he  further  speaks  of  the  smooth  surface  and  regular 

P^*^  of  the  Maverick  County  iron  precluding  its  being  part  of 

•/^^    Coahuila  fall;  but  his  diagrams  of  the  Maverick  County 

^^  tnight  be  taken  for  almost  any  one  of  the  many  Coahuila 
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specimens,  each  one  of  which,  like  the  Maverick  County,  is 
complete  in  itself,  and  in  Smith's  description  of  the  Sta.  Rosa 
iron,*  which  is  one  of  the  most  irregular  of  the  group,  he  speaks 
of  it  as  being  **  rather  smooth  with  only  here  ana  there  thin 
coatings  of  rust.'' 

Still  another  point  of  resemblance  is  the  softness  of  the 
iron,  which,  in  the  case  of  the  Maverick  County,  Mr.  Hidden 
says  could  be  easily  cut  with  a  knife,  while  Smith  states 
several  times  in  his  descriptions  of  the  various  Coahuila  irons 
that  they  were  soft,  so  that  they  could  easily  be  cut  with  a  saw. 

With  the  attention  which  is  now  being  given  to  the  study  of 
meteorites,  and  the  numbers  of  new  specimens  which  are  coin- 
ing daily  into  our  cabinets,  it  is  important  that  diflFerent  names 
should  not  be  given  to  diflFerent  individuals  of  the  same  fall, 
as  it  confuses  tiie  science.  A  very  marked  incident  of  such  a 
confusion  of  names  is  shown  by  the  Sevier  and  Cocke  County 
meteorites,  which  are  of  so  striking  a  character  that  no  'one 
could  possibly  examine  specimens  of  these  two. irons  without 
unhesitatingly  concluding  that  they  were  products  of  one  and 
the  same  fall. 

This  meteorite  must  evidently  have  been  a  very  large  one, 
passing  through  West  Virginia  and  the  eastern  counties  of 
Kentucky  and  Tennessee,  and  it  is  probable  that  several  naasses 
fell  during  its  flight,  and  were  subsequentlv  distributed  quite 
widely,  as  described  by  Prof.  C.  Q.  Shepard,  in  this  Journal, 
second  series,  vol.  iv,  p.  83.  Fragments  are  constantly  being 
oflFered  for  sale  as  specimens  of  silver  ore,  owing  to  the  white- 
ness of  the  iron. 

Through  the  kindness  of  Mr.  George  R  Kunz  we  were  able 
to  examine  a  specimen  of  the  iron  described  by  him  in  .this 
Journal,  third  series,  vol.  xxxi,  p.  145,  which  evidently  belongs 
to  the  same  fall. 

Three  years  ago  we  received,  through  the  kindness  of  Pro! 
N.  S.  Shaler,  a  specimen,  said  to  have  come  from  near  Lebanon, 
Wilson  County,  Tennessee,  with  the  same  loose  character  and 
white  color  of  the  Sevier  County  iron,  having  also  large  nodules 
of  grapiiite,  and  thin  laminjc  of  very  magnetic  elastic  foil, 
easily  separable  from  the  mass,  so  characteristic  of  that  iron. 
This  specimen  we  did  not  describe,  because  it  so  obviously 
belonged  to  the  Buine  fall. 

Prof.  Shaler  further  infornis  us  that  he  has  heard  frequent 
reports  of  other  specimens  throughout  that  region. 

♦This  Journal,  1855,  vol.  xix,  pp.  160. 
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tT.  XIII.  —  A  new  Rhizostomatous  Medusa  from  New  Eng- 
land; by  J.  Walter  Fewkes.     With  Plate  IV. 

A  SMALL  number  of  Acraspedote  Medusae  have  been  taken 
shallow  waters  along  the  shores  of  New  England.  The 
inera  thus  far  recorded  are  Aurelia,  Oyanea,  Dactylometra  and 
ciUinema^  Other  genera  are  known  to  make  their  way  or  to 
^  carried  along  in  the  Gulf  Stream  into  our  latitudes,  and  may 
^inetimes  be  washed  on  our  coast.  -Aftnong  these  may  be 
cntioned  Pelagia^  Periphylla^  Linerges  and  others.*  Some  of 
lese  have  already  been  taken  on  George's  Bank  and  ofiF  Mar- 
ia's Vineyard,  but  none  have  been  recorded  from  the  shallow 
aters  along  the  coast  line. 

Through  the  kindness  of  Professor  A.  E.  Verrill  I  am  able 
>  add  to  the  above  list  of  Medusaa  found  in  shallow  water 
ear  the  coast,  a  fifth  genus,  a  large  Acraspedote  jelly-fish,  not 
nly  new  to  New  England,  but  also  one  which  is  unlike  any 
€1  captured  on  the  Atlantic  coast  of  North  America.  This 
ledasa,  the  only  non-tentaculated  Acraspedote,  so  far  as  we 
cw  know,  which  ventures  into  our  waters,  is  allied  to  a  com- 
aon  species  found  on  the  western  shores  of  Europe,  Pilema 
Bhizostoma,  auth.)  octopus  Haeck.,  and  to  the  P.  pulmo  of 
he  Mediterranean  Sea.  It  has  no  nearer  relatives  in  the 
vaiers  of  the  United  States,  so  far  as  known,  than  the  well- 
cnown  Cassiopea  frondosa  and  Stomolophus  Meleagris  Ag.  of 
Florida,  the  Carolinas,  and  the  Gulf  Stream. 

The  single  specimen  of  this  new  medusa  from  which  my 
description  and  figure  were  made  was  captured  in  September, 
1886,  in  New  Haven  harbor.f  It  was  more  or  less  mutilated 
^hen  it  came  into  my  hands  for  examination,  but  owing  to  the 
exceptional  toughness  of  the  umbrella  and  oral  arms,  it  was 
possible  to  study  the  more  important  organs  and  to  write  a 
description  of  them  before  the  external  form  of  the  specimen 
iiad  greatly  changed. 

*  A  list  of  Acraspeda  found  in  the  Gulf  Stream  by  the  U.  S.  Fish  Com.  Str. 
Ait«atro88  will  be  found  elsewhere.  There  is  no  reason  now  known  why  any  of 
tiese  genera  should  not  straggle  at  times  into  our  southern  bays  and  sounds. 

t  It  was  taken  alive  near  the  Yale  Boat  House  at  the  mouth  of  the  Quinnipiac 
R'Ver,  near  the  extreme  upper  end  of  the  hjirbor,  wliere  the  water  is  somewhat 
•rickish,  perhaps  four  miles  from  Long  Islaud  Sound.  It  was  caught  by  Mr. 
irthur  J.  .M.  Andnis  and  preserved  by  Mr.  George  E.  Verrill.  during  my  absence 
om  Xew  Haven.  When  living,  the  diameter  was  about  18  inches.  When  first 
€D  by  me,  after  it  had  been  in  alcohol  about  a  week,  the  oral  cylinder  and  frills, 
id  the  radial  tubes  of  the  umbrella  were  of  a  rich  deep  brown ;  the  distal  oral 
imenta  were  whitish ;  the  disk  or  "umbrella"  was  uniform  trauslucent  bluish 
lite.     My  son  told  me  that  the  color  had  changed  but  little  from  what  it  was  in 

?.  A.    E.   VERRILL. 
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Nbctopilbma,  gen.  nov. 
NectopUema  VerriUiy  8p.  nov. 

Umbrella. — The  form  of  the  bell  and  the  relation 
height  to  the  diameter  could  not  be  made  out  from  the  I 
fragments.*  From  what  is  known  of  certain  related  gei 
is  supposed  that  the  diameter  is  about  double  the  h 
Exumorella  smooth.  Gelatinous  substance  of  the  bell 
thick  at  center,  thinning  out  near  the  margin.  There  ar 
sense  organs,  each  of  i^nich  lies  in  a  broad  deep  incision 
bell-margin  and  is  protected  bv  a  slightly  aeveloped 
Each  sense  body  probably  lies  in  the  radius  of  an  oral  ai 

The  lappets  of  the  bell-margin  are  of  two  kinds,  knc 
the  ocoular  and  velar  marginal  lappets.  The  velar  lapn 
divided  into  two  kinds,  those  formed  by  shallow  ana 
formed  by  deep  marginal  inoisiona  The  eight  pairs  of  1 
which  lie  one  on  each  side  of  each  marginal  sense  bo( 
be  known  as  the  ocoular  lappets.  The  velar  lappeta 
shallow  incisions  may  be  called  the  small  velar  lappe 
those  with  deep  incisions,  the  large  velar  lappeta 

The  ocoular  lappets  are  short,  stumpy  and  rounded,  p 
ing  but  slightly  beyond  the  sense  body,  never  extending 
periphery  of  the  bell  formed  by  the  distal  marginal  tips 
velar  lappets.    The  sense  body  has  no  markea  conical 
external  ^^  RiechgrubchenJ*^ 

The  smaller  velar  lappets  are  formed  by  a  slight  incit 
the  compound  lappets,  which  lie  on  each  side  of  the  c 
lappets.  When  taken  together  they  are  much  broadei 
the  so-called  large  lappets,  and  singly  their  breadth 
much  less  than  the  large  velar  lappets.  The  incision, 
ever,  which  separates  them  from  each  other  is  less  tha 
which  separates  them  from  the  large  velar  lappets  or  the 
velar  lappets  from  each  other.  They  are  callea  the  small 
lappets  from  the  fact  that  the  incision  is  so  slight  as  con 
witli  the  incisions  of  the  greater  lappets.  The  compoun< 
formed  by  the  consolidation  of  two  small  lappets  m 
regarded  as  a  single  compound  lappet  Each  small 
lappet  is  triangular,  pointed,  thin,  ana  flexible. 

The  large  velar  lappets  are  two  in  number  between 

•  The  qimvirant  of  the  bell  margin  represented  in  the  figure  is  prob 
crv^Ksovi  in  Mze  froni  the  broken  and  therefore  expanded  condition. 

i  See  i\timhes<sti  Tlhji  Havk  .  lirenachor  and  X<J1,  Beitrige  zur  Anato 
SvHtomntik  der  Uhizostomoen.  and  Pii^ma  (Rhizostoma,  aucL)  Hasckelf 
der  AtTAsiHHien.  In  ^omoiophus  the  relatiTe  hei^t  is  more  than  one-! 
dianu^ter,  and  in  Lf/chnorhisij  it  ie  less. 

I  The  tW<ir  Uippfts  are  the  marginal  lappets  between  two  pairs  ol 
iapptts.  An  octant  of  the  bell  is  ihenefore  niade  up  of  two  ocoular  lapp 
•mall  velar  lappets  and  two  large  velar  Lappets. 
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tir  of  compouDd  lappets'*^  and  are  separated  by  incisions  in  the 
3ll-margin  equal  to  that  in  the  radii  of  the  sense  bodies. 
»ach  large  velar  lappet  is  pointed  at  its  free  rim,  thin  and  flex- 
ile. All  velar  lappets  are  penetrated  by  an  anastomosing  net- 
work of  vessels,  ana  are  destitute  of  a  marginal  vessel  skirting 
ts  rim.    There  are  no  tentacles. 

Beep  grooves  in  the  exumbral  walls  of  the  bell,  extending 
radially  from  the  incisions,  both  occular  and  velar,  are  supposed 
U>  be  in  part  characteristic  of  the  live  animal  and  in  part  due 
to  the  state  of  preservation.  These  are  indicated  by  indistinct 
lines  in  our  figure.  They  may  be  wholly  a  result  of  contrac- 
tion of  the  bell  margin.f 

The  distance  between  two  sense  bodies  on  the  margin  of  the 
extended  bell  of  a  fragment  is  105™.  The  thickness  of  the 
umbrella  increase  very  greatly  at  the  junction  of  the  marginal 
lippets. 

The  lower  surface  of  the  umbrella  (subumbrella)  is  divided 
into  two  regions,  a  central  from  which  hangs  the  oral  append- 
ages and  a  peripheral.  The  peripheral  region  is  occupied  by 
sections  of  muscular  fibers  forming  together  a  strong  circular 
compound  muscle.  There  are  sixteen  sectors  in  this  compound 
muscle.  The  radii  passing  to  the  sense  bodies  and  those  to  the 
incision  which  separates  tne  two  larger  velar  lappets  of  each 
octant  of  the  bell-margin  also  indicate  the  line  of  separation  of 
the  compound  muscle.  Each  sector  of  muscle  is  composed  of 
*  number  of  parallel  folds  extending  from  the  radii  mentioned 
Mid  from  a  line  near  the  union  of  the  oral  arms  to  a  line  con- 
iiecting  the  occular  and  large  median  velar  incision.  The 
breadth^  of  the  sector  of  muscle  is  80°^.  In  alcohol  the 
Qiuscle  has  a  brown  color;  along  the  occular  radii  and  that 
which  passes  through  the  large  velar  incision  this  color  is 
absent. 

The  size  and  arrangement  of  these  muscles  recall  that  of  the 
subumbral  muscle  of  Siomolophus,  and  somewhat  more  dis- 
tantly the  same  in  Orambessa  Tagt,  as  figured  by  Grenacher 
*nd  Noll  {op.  cit  pi.  iv,  fig.  vii,  m),  where,  however,  in  the 
letter  case  the  number  of  sectors  appears  greater.  The  promi- 
lience  of  the  muscle  on  the  under  floor  or  subumbrella  of  Necto- 
P^a  is  apparently  very  different  from  Ehizostoma  luieum  of 
the  last  mentioned  authors,  if  pi.  viii,  fig.  xvii  {op.  cit),  cor- 
'^tly  represents  the  subumbrella  of  R  luieum  Qren.  and  Noll. 

*My  nomenclature  '^compound  lappets"  will  lead  to  no  confusion  if  the  reader 
fttiembors  that  two  small  lappets  {veiar)  unite  to  form  the  compound  axial 
f9pgm  at  the  base  of  these  lappets.  The  compound  lappets  adjoin  the  oocular 
liffetB  (see  figure). 

f  Th^  farrows  recall  the  radial  furrows  of  the  umbrella  border  of  Polyrhiza 
Seek. 

I  IMstanoe  from  axial  to  abaxial  border.  Measurements  of  specimens  of 
ffledoHB  pieserYed  in  alcohol,  are  more  or  less  deceptive. 
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Oral  arms, — From  the  central  region  of  the  umbrella  ib&Jv 
hangs  a  complicated  oral  apparatus  known  as  the  Mundscheibe 
The  general  form  of  this  region  is  pyramidal  or  more  like  tb^ 
frustrum  of  a  cone. 

The  oral  region  of  the  medusa  consista  of  a  consolidated  po^' 
tion,  oral  cylinder,  next  the  subumbrella,  by  which  it  is  join^^ 
to  the  bell,  and  a  more  distal  part  composed  of  eight  separat* 
oral  arms.     It  was  impossible  for  me  to  study  the  structure  oi 
the  basal  region,  or  oral  cylinder  of  the  Mundscheibe  for  tb^ 
reason  that  it  was  broken  from  its  attachment  so  that  the  umo<^ 
could  not  be  observed.     At  the  same  time  it  was  for  the  sairx^ 
reason  impossible  for  me  to  observe  the  character  of  the  genital 
cavities  and  the  central  gastral  cavity,  structures  which  preseo'' 
most  important  characters  in  the  study  of  the  jRhtzoaiomido^ 
The  wall  in  the  region  of  the  mouth  opening  was  also  rupture^ 
so  that  it  was  impossible  for  me  to  observe  whether  it  really 
exists.     Portions  of  the  genital  glands  were  found  clinging  C>o 
the  basal  region  of  the  Mundscheibe,  but  their  true  form  am<i 
relation  to  other  organs  could  not  be  determined.     The  dist^J^ 
region  of  the  mouth-apparatus  is  the  best  preserved  of  all  tlr»  e 
fragments  which  were  studied.     These  are  markedly  peculiar 
and  different  from  the  same  structures  in  otheh  medusa  whi€3li 
have  been  figured. 

Two  different  sets  of  appendages  to  the  oral  cylinder  mal^® 
up  the  distal  extremities  of  the  oral  apparatus.     The  long^^st 
of  these,  eight  in  number,  are  direct  continuations  of  the  or^ 
cylinder,  and   will  be  known  as  the  oral  arms.     The  seco'nd 
set  of  appendages  are  shorter  than  the  former  and  are  sixteen 
in    number.     These    will    be    described    as    the   scapulettes. 
The  oral   arms  are  gelatinous,  more  or  less  angular  appen- 
dages, arising  from  small  supports,  and  gradually  broadening 
and  enlarging  towards  their  free  distal  ends.     Near  their  free 
exti-eniity  they  subdivide  in  fleshy,  gelatinous  lobes,  along  the 
edges  of  which    are   sucker-like    structures,    which    will     be 
described  as  sucker-frills.     The  outer  or  abaxial  region  of  the. 
oral  arms  is  smooth,  rounded,    angular,  the  gelatinous  wall 
being  rather  thick.     On  the  axial  side  the  gelatinous  substance 
of  the  oral  arms  thins  out,  and  along  the  margin  the  lobes  bear 
sucker-frills.     Each  oral  arm  is  generally  irregular,  trifid,  ao" 
in  some  oases  we  find  a  large  number  of  gelatinous  lobes  at  tb^ 
distal  end  of  the  arm.     When  the  arm  has  three  lobes,  two  cy* 
these  lobes  were  observed  pointing  abaxially  and  one  axiailj^* 
Along  the  free  eilges  of  these  lobes  there  extends  a  thin,  m&cc^' 
branous  structure  with  small  papillae  or  pigmented  projections^ 
These  membranous  folds  are  mouths,  and  from  their  form  ar^ 
culled   the  sucker-frills.     Those  frills  on  the  two  outer  lohes^^ 
arc  known  as  dors;\l  frills;  those  on  the  axial,  the  ventral  frills 
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le  ventral  frills  extend  along  the  axial  edge  of  each  of  the 
U  arms  to  the  junction  of  the  oral  cylinder,  while  the  dorsal 
5  simply  turned  outward  and  do  not  extend  along  the  outer 
les  of  the  arms,  which  are  smooth  and  destitute  of  appen- 

Ses.    In  addition  to  the  three  lobes  mentioned — two  dorsal 
one  ventral — there  are  others  also  bearing  sucker-frills, 

that  in  some  instances  it  is  impossible  to  recognize  three 
parate  lobes. 

The  lobes  bear  terminally  long,  gelatinous,  filamentary 
pondages  called  ''  KoJbenfdrmige  QcUlertknop/e.  Thesd  bodies, 
^ays  gelatinous  and  colorless  in  alcohol,  are  of  varying  sizes 
d  lengths,  sometimes  slender,  often  inflated,  short,  band- 
aped.  These  appendages  are  numerous.*  The  smaller  ap- 
Qdages  to  the  oral  cylinder  are  sixteen  in  number  and  are 
Lown  as  the  scapulettesf  or  upper  leaf-like  appendages.  They 
^se  one  on  each  side  of  Ihe  base  of  the  oral  arms  a  short  dis- 
^ce  above  the  separation,  and  hang  down  parallel  with  the 
mI  arms.  Two  surfaces  may  be  distinguished  in  each  scapu- 
•te — an  abaxial  convex,  and  an  axial  concave  side.  The 
Dcave  side  is  smooth,  gelatinous,  thick,  rounded  or  angular, 
le  convex  side  is  more  irregular,  and  lobed,  skirted  by 
cker-frills  resembling  those  of  the  ventral  lobes  and  the  axial 
le  of  the  oral  arms.  The  color  of  the  sucker-frills  of  the 
^ipalettes  in  alcohol  recalls  that  of  the  sucker-frills  of  the 
Bi  lobes. 

The  relative  position  of  the  scapulettes  as  compared  with  the 
al  arms  may  be  seen  in  my  figure.  Whether,  nowever,  these 
nlies  are  hidden  by  the  margin  of  the  umbrella  when  in  con- 
action  cannot  now  be  determined.  The  reader  is  reminded 
latin  my  specimen  the  oral  cylinder  is  broken  from  the  bell, 
id  so  far  as  this  goes,  our  figure  is  a  restoration  intended  to 
low  the  bell-margin  and  the  scapulettes,  not  the  relation  of 
ne  to  the  other. 

Affinities. — Nectapilema  is  thought  to  be  a  member  of  the 
iodily  of  Acraspeda  called  by  Hseckel  the  Pilemidce,  The 
imily  Pilemidce  Hseck.  includes  Rhizostomatous  Acraspeda 
^th  four  separate  subgenital  cavities,:}:  and  with  dorsal  as  well 
s  ventral  sucker-frills  on  the  eight  mouth-arms.  No  tentacles 
od  no  central  mouth  opening,  and  numerous  sucking-frills 
^tending  along  the  oral  arms  perform  the  functions  of  the 

*The  number  and  character  of  these  appendages  recall  what  has  been  de- 

^W  in  a  RkopUema  from  the  China  Sea.     They  resemble  the  *'  Peiischen  fi'la- 

•^ifen"  of  Potyrhiza  and  oUiers. 

tXhie  term  here  used  to  designate  these  bodies  is  the  modified  '*  Scapulttten  " 
Hsckel's  description.     It  seems  to  me  a  better  designation  for  these  bodies 

^n  the  term  "  leaflike  appendages"  sometimes  used  in  descriptions. 

.  t  From  the  mutilated  condition  of  my  specimen  the  structure  of  the  genital  cav- 

'^  could  not  be  made  out. 
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mouth.  Eight  seDse  bodies  on  the  bell-margin.  Eight  to 
sixteen  or  more  narrow  radial  canals,  branched,  and  formiog 
by  anastomosis  a  network  of  vessels  in  the  sabambrella.  Qeti- 
erally  with  a  ring  canal.''^  Four  inlernemral  sexual  glands  i  c 
the  aboral  wall  of  the  four  separate  gastral  subgenital  cavities. 
The  PilfmidoR  are  divided  into  tnree  sub-families ;  I.  Tbc 
Lychnorhizid^.    II.  The  Eupilemid^.    HI.  The  Stomo- 

LOPHID-fi. 

The  Lychnarhizidce^  among  other  characteristic  features,  di€* 
fer  from  the  other  sub-families  in  the  absence  of  scapulettea. 

The  Eupilemidce  and  Stomolophidx  have  eight  pairs  of  scap- 
ulettes,  but  in  the  former  sub- family  the  eight  oral  arms  arc 
three- winged, t  free  from  each  other,  and  not  grown  together. 
In  the  Stomohphidce  the  oral  arms  are  dichotomously  brancheclf 
and  more  or  less  grown  together.     Nectopilema  is  thought  to 
belong  to  the  sub-family  of  Bupilemidce,  and  to  be  albed  to 
PiUma  and  Rhopilema.    The  presence  of  "  Scapuletten "  r^ 
moves  it  from  the  Lychnorhizidoe,  Toreumidoe^  and  Orambessid^ 
as  defined  by  Ha&ckeL     It  differs  from  the  StomohphidtE  Hsacl^ 
in  that  Xhe  oral  arms  are  not  consolidated  as  in  SUnnohpkut^ 
nor  dichotomously   branched  at  their  free  extremities  as  i  J^ 
Bi^achiohphus^  the  only  two  genera  of  this  sub-family.    It     '^^ 
more  closely  allied  to  Brachiolophtis  than  to  Stomolophus. 

The  close  allies  of  Nectopilema  among  the  Eupilemida  a 
the  two  genera  Pikrna  and  Rhopilema,     From   the  former 
diflers  in  several  particulars,  the  most  striking  of  which  is  tk^:^ 

f)os8ession  of  numerous   **  Gallertknopfe"   appended    to    iV 
obes  of  the  oral   arms.     Whether  this  feature  is  enough 
separate  Wiopileina  from  Pilema  cannot  be  discussed  here, 
is  noteworthy  that  Hsdckel  found  a  specimen  of  the  comm< 
P.  octopus  {Rhizostoma  octopus  auct.),  regarded  by  him  as  abn( 
rnal,   in  which  there  were  numerous  appendages  to  the  oi 
arms,  as  in  Rhopilema, 

Of   the  different  species  of  Pilema  all  except  P.  clavigi 

Ilaeck.  have  a  larger  number  of  marginal  lappets  in  the  u 

brella  margin   than  Nectopilema^   which  has  lorty-eight  ve^     ' 
lu[)pets   (six   in   each  octant)  and  sixteen   occular,   while 
clavvjei-a   has   thirty-two   velar   and   sixteen   occular   lappta— ^^ 
Nectopilema  has  numerous  filamentous  appendages  to  the  o-    ^ 
arms,  while,  as  far  as  known,  P.  clavigera  H»ck.  has  but  on^^ 

*  Xedojnlcrna  has  no  nmrginal  ring  canal. 

f  lioth  tlio  Lyehnoihiziilii"  and  the  Eupiluinidte,  according  to  Hseckel,  have  "^^^ 
eijrlit  oral  aniiH  "  drtikauliy'  or  ''  drtifiiojtlig,^^  while  the  Stomolophidse  \^^^\ 
ornl  arms  clichotoniously  branched,  more  or  less  grown  together,  llie  lobes  ^ 
NfcO/piltJua  are  more  than  three  to  each  oral  arm,  but  the  arms  are  not  braocb^^ 
nor  Kfown  together.  This  fact  adds  a  new  argrumeut  to  support  my  suppoeit'^^^ 
that  Nectopilema  stands  on  the  border  line  between  Brachiohphua^  PilemcL,  ao^'^ 
KhopiUma. 
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BkopUema  has  sixteen  small  velar  and  two  occular  lappets  in 
each  octant,  which  is  thought  to  be  a  sufficiently  marked  dif- 
ference to  separate  it  from  Nectopdema^  which  has  six  velar  and 
two  marginal  lappets  in  each  octant*  Moreover,  Grenacher 
and  Noll's  figure  of  Bhiaosioma  luteum  Gren.  &  Noll,  to  which, 
according  to  Hseckel,  P,  clavigera  is  related,  differs  from  that 
of  my  Nectopilema  so  widely  that  I  cannot  think  that  my 
gen  as  is  the  same  as  his  P.  clavigera. 

There  remains  to  be  mentioned  the  relationship  of  Nectopi- 
i^ma  to  the  genus  Polyrhiza^  a  genus  belonging,  according  to 
H»ckel,  not  to  the  Pilemidce  but  to  the  Toreumidce,  Of  all 
the  Toreumidoe^  Polyrhiza  is  the  most  closely  allied  to  the 
Pilemidce  and  to  the  sub-family  Stomolophidoi.  It  certainly  is 
iiot  known,  so  well  as  might  be  wished,  what  is  the  structure 
of  certain  organs  of  Polyrhiza^  nor  what  its  true  affinities 
*re.  Haeckel  has  placed  it  in  the  family  of  Toreumidoe^  while 
^rrtthiohphus  and  Rhopilema  are  placed  with  the  Pilemidoe. 
There  are  resemblances  between  Bhopilemaf  and  Polyrhiza 
^hich  imply  their  close  relationship.  As  Nectopilema  has 
^1*00^  resemblances  to  RkopiUma^  it  also  has  affinities  with 
Polyrhiza  Ag.  I  cannot,  however,  place  it  in  this  genus  as  at 
present  defined. 

The  following  characters  when  combined  are  thought  to  dis- 
tioguigh  Nectopilema  from  other  Pilemidce:  Six  velar  lappets 
m  each  octant;  no  tentacles;  sixteen  scapulettes;  eight  oral 
arnas  with  numerous  gelatinous  filiform  appendages,  **  Gallert- 
'^^'(^feJ*  The  genus  is  believed  to  belong  to  the  Pilemidae, 
^^nnecting  the  Stomolophidse  and  the  Eupilemidae. 

EXLPANATION   OP  THE    PLATE. 

Tliis  Plate  represents  a  side  view  of  Nectopilema^  showing  the  oral  arms  and  a 
portion  (quadrant)  of  the  umbrella  margin.  As  the  bell  was  in  fragments  it  was 
^ot  possible  to  give  its  form,  and  therefore  the  relative  extension  of  the  oral 
appendages  beyond  the  bell-margin  may  not  be  accurately  represented. 

I)i  the  medial  line  on  the  bell-margin  a  sense  body  is  represented.  On  either 
*ide  we  have  octants  of  the  bell-margin  with  occular  and  velar  lappets. 

The  bodies  seen  behind  the  bell-margin  are  sexual  bodies.  Their  extension  is 
°iore  Of  less  conjectural,  as  they  were  more  or  less  ruptured.  The  leaf-like  ap- 
^ndaffes  to  the  aides  of  the  oral  apparatus  below  the  bell-margin  are  the  scapu- 
•^^tes.  The  lower  part  of  the  oral  appendages  or  oral  arms  bear  filamentous 
appendages  or  •*  Kolbenformige  GaXlertknopfey 

1*he  figure  was  drawn  from  nature  by  Mr  J.  Elenry  Blake.  It  is  one-half 
^^ural  size  of  the  alcoholic  specimen. 

The  marginal  lappets  correspond  closely  with  those  of  Cratriborhiza  flageHata 
-T  ^Mcronema  (both  specific  names  given  by  Hicckel  in  the  same  work,  op.  cit.). 
.^is  genus  (Cramborhiza),  according  to  Hseckel,  is  allied  to  Lychnorhiza,  which 

^«*  no  scapulettes. 
^    "f  It  is  probable  that  the  numerous  '•^Kolbenformige  Gallertknopfe^^  of  Rhopilema 

^^  the  ••  Peitschen  Fihmenten'^  of  Polyrhiza  are  homologous. 

Cambridge,  Mass.,  Dec,  1886. 


126    Sherma/n — Sttbdy  'upon  the  Atmosphere  of  fi  Lyrm. 


Abt.  XIV. — A  short  Study  upon  the  Atmosphere  of  fi  Ly^ 

by  Orbay  T.  Sherman. 

A  COMPARISON  of  the  observations  upon  the  spectra  of  th 
stars  admitted  to  possess  a  spectrum  comprising  bright  li 
leads  to  the  conclusion  that,  while  persistent  in  place, 
bright  line  is  not  persistent  in  intensity.  That  this  is  the  c 
in  the  solar  chromosphere,  j9  Lyrae,  f  Gassiopeisa,  B.  Gemioori 
X  and  7j  Argus,  the  Wolf  and  Bayet  stars,  and  through 
courtesy  of  Dr.  Konkoly  we  add  rj  Ceti,  may  not  be  doubl 
In  the  others  also  it  seems  probable.  This  peculiarity,  r 
presented  as  a  characteristic  of  the  bright  line  in  stellar  spec 
affords  a  distinction  between  bright  line  light,  bright  ba 
ground  space,  and  any  accidental  disturbance  the  spectr 
light  may  sufier. 

Under  its  guidance  the  observation  was  extended  to  not 
the  relative  places  of  every  persistent  or  at  times  outflasb 
break  in  the  spectrum  light,  and  the  single  observation  was 
placed  by  a  series  as  frequently  as  opportunity  allowed, 
greater  intensity  of  bright  line  light,  the  sharply  focussed  t 
was  made  to  replace  the  slit,  the  jaws  being  symmetrica 
opened,  so  that,  while  allowing  the  full  disc  to  pass,  any  \ 
placement  soon  caused  a  diminution  of  the  stellar  light  I 
reference  spectra  the  jaws  were  reclosed.  The  cylindrical  1 
was  removed.  The  observing  telescope  was  of  low  power.  ] 
least  intensity  of  background  light,  the  highest  dispersi 
practicable  were  employed.  No  foreign  light  was  perraiti 
the  telescope  being  set  during  the  day  so  as  to  be  swept  u] 
the  star.  The  record  was  automatically  made.  The  routine 
observation  is  as  follows:  For  some  time  previous  the 
server's  eye  is  kept  in  the  dark.  Seated  at  his  telescope, 
has  then  before  him  a  faint,  barely  traceable  line  of  light,  be 
ing  or  imbedded  in  which  are  a  number  of  bright  monocl 
raatic  stellar  images.  These  points  are  brought  so  as  to 
bisected  by  the  edge  of  the  thick  cross-bar  which  it  is  desire 
to  employ.  The  position  is  recorded  and  the  observer  proce 
to  the  next  dot  In  this  way  he  has  usually  passed  thro" 
the  first,  second  and  a  portion  of  the  third  spectrum.  At 
end  of  the  observation  the  position  of  the  bright  lines  affon 
by  a  salted  alcohol  flame  or  Pliicker's  tube  are  added.  ^ 
slip  is  withdrawn.  The  relative  position  of  the  punctures 
measured  and  the  wave-length  reduced  by  a  proper  form  i 
The  record  of  the  three  spectra  combined  in  one  is  then 
corded  as  the  result  of  the  day's  observation.  The  spectra 
which  the  especial  line  has  been  observed  forms  a  measure 
its  intensity.  In  combining  one  day's  work  with  the  oth* 
those  lines  which  lay  nearest  together  have  been  referred 
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^^^  same  line.  No  line  has  been  admitted  unless  circumstances 
^ticlered  its  admission  necessary.  The  mean  of  each  horizontal 
Vine  has  then  been  taken  as  the  approximate  wave-length. 
Throughout  the  observation  the  observer  has  absolutely  no 
definite  knowledge  of  the  identity  of  any  especial  dot.  Nor  is 
U  p>o8sible  for  him,  while  at  the  telescope,  to  connect  one  day's 
Work  with  another.  Nor  in  tabulating  is  there  any  great 
chance  for  judgment 

3?hese  appearances  seem  worthy  to  be  classed  as  bright  lines, 
for  (1)  they  are  seen  as  well  with  prism  as  with  grating  ;•  (2) 
.  their  number  increases  as  the  dispersion  increases;  (3)  they 
occur  for  periods  together,  and  are  absent  for  periods  together  ; 
(f)  they  remain  constant  in  position  but  vary  in  intensity ;  at 
tinxes  they  are  dazzling  bright,  and  at  times  they  are  faded, 
scaixsely  noticeable ;  at  times  they  remain  a  steady  glare,  at 
otliQr  times  they  sparkle  in  and  out,  are  caught  only  in  instants ; 
(^)  these  variations  are  not  dominated  by  the  weather,  they 
^^y  be  bright  or  dull  under  the  most  favorable  circumstances, 
anti  dull  or  b;nght  under  the  most  unfavorable. 

C>or  final  list  contains  over  a  hundred  and  fifty  positions ; 
*>i3rie  appear  so  few  times  that  independently  they  could  not  be 
^l^imed  as  bright  lines.  Although  probably  correct  to  within 
^"^o  in  the  fourth  figure,  yet  they  are  useless  for  purposes  of 
ifl^x^tification.  The  number  of  observations,  however,  places  a 
®^«ins  of  discriminating  at  our  disposal.  If  those  lines,  which 
aro  capable  of  being  referred  to  a  single  substance,  varied  to- 
8^t.lier,  we  may  fairly  consider  that  they  belong  to  the  same 
3^  t^stance. 

In  this  way  we  have  identified  hydrogen^  presenting  in  ad- 
^^t.ion  to  the  four  ordinary  excitation  lines  to  which  we  are 
a^^^^ostomed,  a  largS  numberj  perhaps  ninety,  due  to  its  low 
^^csitation  spectra. 

Hhcygen  mesQn\ja  eleven  lines  of  its  high  excitation  spectrum, 
**^^  in  addition  ihe  gloio  of  the  negative  pole  represented  by  six- 
^^n  lines. 

.  J^itrogen  presents  probably  eighteen  lines  of  its  high  excita- 
^*^^ii  spectrum,  and  in  addition  the  glow  of  the  negative  pole 
''^  jDresented  by  five  lines. 

Carbon  presents  five  lines,  generally  occurring  together. 

Compounds  of  carbon  and  hydrogen  present  seven  lines,  gen- 

^^^lly  occurring  together.     Oxygen  and  carbon  in  combination 

Present  eight  lines  generally  occurring  together.    Nitrogen  and 

9^fbon  in  combination  are  probably  represented  by  the  most 

^^ tense  line  of  the  cyanogen  spectrum,  but  from  the  scantiness 

^f  the  data  we  are  unable  to  speak  with  certainty. 

Magnesium  is  represented  by  five  lines  generally  occurring  to- 
R^ther,  and  yet  the  traces  of  magnesium  burning  in  hydrogen 
^J^  very  faint 
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The  whole  of  this  evidence,  the  low  temperature  of  the 
hydrogen  apectrum,  the  apparent  ease  with  which  the  hydro- 
carbon* compound  forms,  trie  fact  that  during  its  formation 
there  is  an  increase  in  the  star's  varisble  light  without  accom- 
panying evidence  of  combustion  and  the  spectra  of  the  nega- 
tive glow,  presents  us  with  the  fact  of  an  electric  diaohai^  in 
which  hydrogen  plays  the  part  of  the  positive  pole,  and  oxygen 
and  nitrogen  the  parts  of  the  negative  pole.  From  evidence 
presented  by  the  bright  linef  stars,  noting  that,  roughly  speak- 
ing, the  high  erexcitation  hydrogen  belongs  to  the  brignter,  the 
lower  to  the  fainter  stars,  we  are  inclined  to  think  this  cbarRfl 
theresidualof  that  produced  by  chemical  action,  perhaps  simply 
dissociation  taking  place  in  the  interior.  We  will  not  stop  here 
to  recall  to  the  student  of  terrestrial  and  cosmical  physios  the 
evidence  presented  by  comets,  by  the  magnetic  needle,  by  cer- 
tain bands  of  the  solar  spectrum,  by  sun  spots,  by  the  zodiacal 
light  perhaps,  and  many  similar  phenomena,  not  only  of  an 
electric  charge  upon  the  sun,  but  also  of  a  cold  atmospnere  be- 
tween it  and  our  earth. 

We  have  studied  these  spectra  with  regard  to  their  appear- 
ance in  time,  and  find  evidence  of  a  force  especially  evident  in 
the  nitrogen  negative  glow,  in  the  magnesium  and  in  the  hydro- 
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Light  curve  of  .J  Lywe.  Observation  by  Sawjer. 
gen,  whose  laws  our  short  series  does  not  permit  us  to  deter- 
mine, but  which  is  probably  the  cause  effecting  the  disappear- 
ance of  the  hydrogen  lines  in  1874,J  and  their  reappearance 
in  1883,  and  is  perhaps  similar  to  that  causing  the  sun  spots. 
We  have  also  studied  the  spectra  with  regard  to  the  varia- 
tion of  the  star's  light,  a  single  period  of  which  derived  from 
observations  by  Sawyer  is  represented  in  the  adjoining  cat. 
And  we  find  in  the  spectra  of  hydrogen,  oxygen  and  their  car- 
bon eompounds  a  simultaneous  variation.  To  any  one  ac- 
quainted with  Barthelot'sg  work,  upon  the  action  of  mixtures 
of  these  gases  under  an  electric  spark,  this  will  appear  quite 
natural.  The  rise  in  the  curve  from  primary  minimum  to  pri- 
mary maximum  corresponds  to  a  penod  of  increasing  oxygen, 
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of  increamng  bydroKsarboD,  and  of  an  almost  entire  absence  of 
carbonic  acid.     The  downward  slope  to  secondary  minimam 
oon^ponds  to  a  period  abundant  in  carbonic  acid,  almost  want- 
ing in  oxygen  with  variable  evidences  of  hydro-carbon.     The 
remaining  portion  of  the  curve  corresponds  to  a  period  in  which 
the  evidences  of  hydro-carbon,  oxygen,  and  carbonic  acid  are 
irregularly  variable;  as  would  be  the  case  if  the  light  waxed 
and  waned  by  a  series  of  undulations  similar  to  those  which 
Chandler*  tells  us  are  actually  observed.     The  final  slope  cor- 
resDoods  to  a  period  of  decreasing  carbonic  acid,  increasing 
hyaroK^rbon,  increasing  oxygen,  preparing  as  it   were  for  a 
conflagration  at  primary  minimum,  and  such  apparently  takes 
place.    It  is  of  interest  to  remark  that  hydro-carbon  probably 
lormed  a  part  of  the  spectra  of  both  Nova  Cygni  and  the  star 
nearj^^  Orionis,  but  was  only  traceable  near  the  starts  maximum. 
B^alling  Lockyer's  result  in  the  studv  of  the  solar  atmos- 
phere, agreeing  as  it  does  with  certain  observations  which  we 
bave  quoted  above,  we  may  picture  to  ourselves  the  condition 
of  the  stellar  atmosphere,  ana  the  action  therein  somewhat  as 
follows:     An  outer  layer  of  hydrogen  positively  electrified,  an 
inner  layer  of  oxygen  negatively  electrified,  ana  between  them 
a  layer  of  carbon  mingling  on  its  edge  with  hydrogen.     The 
electric  spark  passing  through  the  mixture  forms  the  hydro- 
carbon compound,  whose  molecular  weight  carries  it  into  the 
^2cjgen  region  where  combustion  ensues  with  the  formation  of 
carbonic  acid  and  aqueous  vapor,  both  of  which  descending 
under  the  influence  of  their  molecular  weight  are  again  dis- 
sociated by  internal  heat,  and  return  to  their  original  positions. 
Lnderthe  insight  which  this  result  gives  we  have  found  the 
•    spectrum  of  the  nebulaef  referable  to  low  excitation  hydrogen, 
^he  spectra  of  the  bright  line  stars  referable  to  high  excitations 
^Xygen  and  hydrogen  of  higher  or  lower  excitation  according 
^  the  central  star  is  of  a  high  or  low  magnitude,  and  as  far 
^  the  accuracy  of  the  observations  permits,  r  Coronie,  Nova 
^ndromedae,  Nova  Cygni  and  the  star  near  j[^  Orionis  itself  a 
^^'[iable,  likewise  referable  to  the  same  spectra  similarly  con- 
^tioned.     There   is  also  reason  for   thinking   that   a  similar 
^J^'^osphere  in  similar  physical  conditions,  lies  between  us  and 
p^^  sun,  and  it  seems  as  if  we  might  consider  that  from  the 
^^test  nebula  to  the  most  highly  finished  star  we  have  but 
^^^gressive   stages   of  the   phenomenon    here   presented.     To 
^^rve,  to  differentiate,  to  classify,  to  interpret,  presents  a  vast 
^'d  of  deep  interest  and  high  promise.     This  line  of  investi- 
^*on,  however,  will  apprecfate  both  new  work  in  the  labora- 
^J^  and  new  methods  with  the  telescope.     To  prepare  these  is 
^ ,  ^^   our  charge ;  later  we  hope,  under  some  clearer  aky,   to 
-^nter  the  field. 

Chandler.    Astronomical  Journal,  vol  vii,  No.  1.    f  ^^^^m  ^o^*  ^ii,  No.  6. 
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Art.  XV. — Phenacite  from  Colorado;  by  Samuel  L.  Pen- 
field.  With  notes  on  the  locality  of  Topaz  BtUte  ;  by  Walter 
B.  Smith. 

The  occurrence  of  phenacite  in  the  United  States  was  first 
mentioned  by  Messrs.  Cross  and  Hillebrand,*  who  published  a 
short  description  and  figure  of  a  crystal  occurring  with  micro- 
cline  (amazon  stone)  from  the  Pike's  Peak  region,  El  Paso  Co., 
Colorado  ;  later  these  same  authorsf  gave  a  more  detailed  de- 
scription of  more  complicated  crystals  from  Florissant,  in  El 
Paso  Co.  At  about  the  same  time  Mr.  W.  E.  Hiddenj:  men- 
tioned the  occurrence  of  phenacite  from  Florissant ;  a  second 
note  by  him,  recently§  published,  contains  some  crystallo- 
graphic  notes  and  two  figures  by  Prof.  Des  Cloizeaux,  of 
Paris.  Some  additional  facts  regarding  the  crystallization  of 
this  remarkable  mineral  with  some  new  figures  may  not  be 
without  interest  to  those  who  are  especially  interested  m  Ameri- 
can minerals.  In  addition  to  the  crystals  from  the  above  men- 
tioned locality,  I  have  also,  through  the  kindness  of  Mr.  Whit- 
man Cross,  been  provided  with  crystals  from  an  entirely 
different  locality,  and  with  different  associations  and  crystalline 
habits,  which  are  especially  worthy  of  description. 

The  lenticular  crystals  whici)  have  already  been  described 
are  from  Topaz  Butte,  near  Florissant,  and  about  sixteen  miles 
from  Pike's  Peak.  In  studying  them,  the  first  point  noticed  is 
their  great  similarity  in  habit  to  those  described  and  figured  by 
N.  V.  Kokscharow,!  from  the  Ilmengebirge,  Urals,  where  they 
occur  with  the  same  associations  on  amazon  stone.  All  of  the 
forms  mentioned  by  Kokscharow  occur  on  the  crystals  from 
Topaz  Butte,  and  besides  them  I  have  found  no  others.  His 
figures  also  represent  very  closely  the  habit  of  the  crystals. 
The  specimens  which  I  have  examined  include  those  in  the 
collection  of  Prof.  Geo.  J.  Brush,  the  Yale  College  cabinet,  and 
two  loose  crystals  from  the  collection  of  Mr.  C.  S.  Bement,  of 
Philadelphia.  The  forms  which  have  been  identified  areas  fol- 
lows :  they  are  of  especial  interest  because  belonging  to  the 
rhombohedral-tetartohcdral  division  of  the  hexagonal  systera-T" 

Ithombohedruns  iHt         Rhomh.  2d  order.  Ilhomb.  3d  order.  Prisms. 

order. 

r,  loil,  4-1  /),    llL'Ii,  rf-2,  X,  l322,  -r|-i              a,  1120,  i-2 

a,  01 11,  -1  y>,,  21 13,  /  ^-2,  x,,  1232,  -  /  f  |      m,  1010,  J 

r/,  0112,  -i  0,  4223,  /^2,  5,  2131,  +r  3-| 

//.  0221,-2 

*ThiH  Journal,  III.  xxiv,  282.        +BuUetin  No.  20  of  U.  S.  Geological  Survey. 
ThiH  Journal,  III,  xxix,  249.         §  This  Journal,  III,  xxxii,  210. 
Mntoriiilion  ziir  Minernloj^ie  Russlands,  ii,  322. 

Ah  theno  forms  are  tetartrohedral,  ^  should  be  understood  before  each  of  the 
Dnnu  symbols. 
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Id  addition  to  the  above,  Des  Cloizeaux  identified  a  third 
prism  hj  41S0,  i-},  a6d  a  new  plane  which  he  lettered  z,  1344,  — /  i-f 
which  were  not  identified  on  the  crystals  which  I  have  ex- 
amined. In  letteriDg  the  forms  I  have  followed  Kokscharow, 
with  only  a  few  deviations,  r,  e,  /i  and  m  above  equal  /Z,  r,  m 
and  g  respectively  of  other  authors. 

All  of  the  crystals  which  I  have  seen  occurring  on  the  feld- 
spar are  lenticular  in  shape,  resulting  from  the  slight  develop- 
ment of  prismatic  and  predominance  of  rhombohedral  forms. 
Fig.  1  represents  the  form  of  crystals  which  occur  with  topaz  on 
a  brownish,  lamellar  albite.  This  specimen  is  in  Prof.  Brush's 
collection,  labeled  only  Pike's  Peak ;  the  crystals  are  a  trifle 
simpler  than  those  occurring  on  the  amazon  stone  from  Floris- 
sant, and  it  may  be  that  they  are  from  some  other  special 
locality  in  the  Pike's  Peak  region.  Here  the  rhombohearon  r 
predominates,  d  is  large,  and  the  two  forms  p  and  p^  are,  as  is 
nsQally  the  case,  about  equally  developed  ;  the  other  forms  z, 
a  and  m  are  at  times  wanting,  and  scarcely  ever  more  developed 
than  shown  in  the  figure.  The  crystals  occurring  on  the 
amazon  stone  are  usually  more  highly  modified.  Fig.  2  repre- 
sents the  forms  which  were  observed  on  a  crystal  from  Mr.  0. 
S,  Bement'9  collection,  while  fig.  8  is  a  basal  projection  of  the 
same  with  the  position  of  the  lower  faces  dottea  in,  which  is 
well  suited  to  show  the  tetartohedral  character  of  the  crystal. 


1. 


2. 


3. 


^'1  of  the  forms  mentioned  in  the  above  list  are  shown  in  these 
"g^res  except  [i  and  m ;  /i  was  not  observed  on  this  crystal, 
^^  m  only  as  a  very  narrow  face.  While  the  usual  custom 
"^  been  followed  of  drawing  these  crystals  so  that  an  edge  of 
^^  positive  rhombohedron  above  runs  toward  the  observer, 
™  basal  projection  has  been  so  turned  that  the  positive  rhom- 
Dohedroa  above  is  in  front,  so  that  the  indices  in  the  above  list 
otforms  can  be  better  understood.  The  relative  size  and  posi- 
tion of  the  rhombohedrons  of  the  first  order  can  readily  be 
^^oderstood  from  the  figures.  Of  rhombohedrons  of  the  second 
order  there  is  a  decided  predominance  in  size  of  p  to  the  right 
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of  r,  over/)^  to  the  left ;  unfortunately  the  crystal  had  been  so 
attached  that  the  relative  size*  and  position  of  these  faces  on 
the  lower  side  could  not  be  observed  ;  on  the  top  of  the  crystal, 
however,  the  three  alternating  faces  were  large,  the  other  three 
small,  as  shown  in  the  figure :  o  occurs  only  to  the  left  of  r,  be- 
ing present  three  times  above  and  three  below.  Of  rhombo- 
hedrons  of  the  third  order,  x  and  x^  occur  under  the  negative 
rhombohedron,  «,  both  to  the  right  and  left,  and  are  about 
equally  developed,  while  s  occurs  under  the  positive  rhombo- 
hedron r  to  the  right  only.  These  forms  have  not  only  the 
same  symbols,  but  also  the  same  position  with  reference  to  the 
positive  rhombohedron  on  the  Colorado  as  on  the  Russian 
phenacites,  as  shown  by  a  comparison  with  the  figure  of 
Kokscharow. 

The  remaining  crystals,  which  are  to  be  described,  are  from 
an  entirely  new  locality,  Mt.  Antero,  in  ChaflFee  Co.,  about  one 
hundred  miles  southwest  of  Denver,  fifty-five  miles  from  Topaz 
Butte,  and  sixty-five  miles  a  little  to  the  south  of  west  from 
Pike's  Peak.     Mt.   Antero  is   over  14,000  ft  high,  and    the 

Ehenacites  were  found  by  a  prospector  (whose  name  I  do  not 
now)  at  one  spot  on  the  surface,  in  a  streak  up  and  down  the 
steep  slope  of  the  mountain  and  above  the  timber  line,  proba- 
bly at  an  altitude  of  12,000  feet  The  crystals  were  given  by 
the  discoverer  to  the  Rev.  R.  T.  Cross,*  of  Denver.  So  far  as 
known  the  country  rock  is  granite,  and  the  associations  are 
beryl,  quartz  and  feldspar.  The  suite  of  specimens  in  the 
author's  possession  consists  of  eight  specimens  of  pale,  bluish 
green  aquamarine,  upon  three  of  which  the  crystals  of  phena- 
cite are  implanted.  The  crystals  are  prismatic,  and  the  largest, 
about  7™°^  in  length,  is  implafited  in  an  inclined  position  upon 
the  basal  plane  of  the  beryl,  while  others  are  scattered  irregu- 
larly over  the  prismatic  face.  The  specimens  were  proba- 
bly not  found  in  place,  as  the  edges  of  the  crystals  are  more  or 
less  rounded  and  nicked,  as  if  they  had  rolled  around  in  contact 
with  other  hard  minerals.  The  beryl  crystals  are  deeply 
striated  parallel  to  the  vertical  axis  and  eaten  out,  having  per- 
haps furnished  the  material  for  the  formation  of  the  phenacite. 
The  habit  of  the  phenacite  crystals  is  remarkable,  and  is  sho^n 
in  fig.  4  in  ordinary  projection,  and  in  fig.  5  in  basal  projection, 
the  figures  being  placed  in  the  same  relative  position  as  those 
above.  In  the  piismatic  zone  the  prism  of  the  second  order  a 
prevails,  while  m  is  always  small,  in  some  cases  wholly  want- 
ing. The  crystals  are  terminated  mainly  by  the  rhombohedron 
of  the  third  order  «,  I322,  —r  f-f:  The  unit  rhombohedron  r  is 
small  and  in  a  zone  between  it  and  the  prism  a  is  the  rhombo- 

*  Some  notes  upon  this  locality  by  the  Rev.  R.  T.  Gross  wiU  be  found  on  ^ 
later  page  of  this  Journal. 
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hedron  of  tbe  third  order  s.  At  the  top  of  the  crystal  are 
the  three  small  faces  of  the  minus  rhombohedron  d.  The 
prismatic  faces  are  striated  Dot  only  vertically,  especially  that 
part  of  the  prism  farthest  away  from  the  b  face,  bat  also  near 
each  s  face  parallel  to  the  intersection  between  s  and  a.  These 
two  sets  of  striations  do  not  cross  but  meet  along  a  line  run- 

4. 


''^ng  in  an  inclined  direction  across  the  a  face ;  the  s  and  r  faces, 
specially  the  former,  are  also  striated  parallel  to  the  intersec- 
^on  between  a  and  a.     These  strintions  point  to  vicinal  faces, 
P'^isms  and  rhombohedrons  of  the  third  order,  but  no  definite 
^'^dices  could  be  assigned  to  them.     The  x  faces  are  not  smooth 
^^d  polished,  but  covered  with  little  prominences  with  curved 
^*^ symmetrical  contours.     Crystals  with  exactly  this  habit  have 
Previously  been  described  by  Prof.  M.  Websky,*  of  Berlin, 
^^Oin  an  unknown  locality  in  Switzerland,  and  they  are  the  only 
^^Jj^stals,  so   far  described,  which   are   terminated   mainly   by 
''^'^ombohedrons  of  the  third  order.     It  is  interesting  also  to 
_  5^te  that,  while  in  the  Russian  localities  the  crystals  of  phena- 
^^^  occurring  on  amazon  stone  are  lenticular,  as  is  the  case 
in   Colorado,   the  crystals  from   the   emerald   mines  of 
'^.tharinenburg   are    prismatic,    terminated   however   not   by 
*^CDmbohedrons  of  the   third,  but  by  those   of   the   first  and 
^^ciond  order. 

In  the  following  table  the  angles  are  given  which  were 
^iasared  for  the  identification  of  the  above  mentioned  forms 
also  the  corresponding  angles  calculated  from  the  funda- 
^p^^ntal  angle  of  Kokscharow,  r^.r',  ioIi^iioi=63®  24',  <r=o-66i06. 
'^^^  measuring  those  faces  which  are  deeply  striated,  and  where 
^«^r$  were  a  number  of  reflections  of  the  signal  the  most  promi- 
reflection  was  chosen. 

♦Jahrb.  f.  Min.,  1882,  i,  207. 
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Lenticular  crystal 

Prysmatlc 

Calculated, 

from  Topaz  Butte. 

crvBtal. 
Mt.  Antero. 

Kok0chait>w 

r  ^  r   lOll   ^  Ton 

63**  14' 

63"  24' 

63"  24' 

r   .  d  lOll   ^  OIT2 

3r  40' 

3r  30' 

31*42' 

r  ^  p  lOTl   ^   1123 

20°  4' 

20*  4' 

r  A  0    lOll   ^  4223 

ir  19' 

19"  18' 

r  ^  x^  lOTl   ^  1232 

27'  42' 

27*  43' 

r  A  «    lOll  ^  2i:ll 

29"  59' 

29"  67' 

r  A  0    lOTl   A  1120 

58"  17' 

58"  13' 

58"  18' 

d  ^  z    OIT2  /s  OlTl 

16"=  26' 

16"  28' 

2   /s  /^   OlTl   ^  0221 

19"  25' 

19*  28' 

5    .V  a   21H1   A   1120 

28"  52' 

28"  21' 

X  ^  x'  T322  ^   2T32 

75"  48' 

76"  57' 

'  In  closing,  I  wish  to  express  my  obligations  especially  to  Mr. 
Whitman  Cross,  of  the  TJ.  S.  Geological  Survey,  for  the  in- 
formation concerning  the  localities  and  associations  of  the 
Colorado  phenacites,  and  to  Rev.  R.  T.  Cross,  Prof.  Geo.  J. 
Brush  and  Mr.  C.  S.  Bement  for  the  material  which  they  have 
placed  at  my  disposal. 

Mineralogical  Laboratory,  Sheffield  Scientifin  School,  Nov.  19th,  1886. 

Notes  oil  Uie  Crystal  Beds*  of  Topaz  Butte  ;  by  Walter  B. 

Smith. 

The  "crystal  beds,"  from  which  by  far  the  greater  number 
of  the  specimens  labeled  Pikers  Peak  have  actually  come,  are 
situated  about  20  miles  northwest  of  that  point  This  locality 
has  been  known  and  worked  for  about  20  years.  Topaz  Butte, 
a  sharp  point  five  miles  due  north  from  Florissant,  marks  the 
southern  limit  of  the  "crystal  beds.'"  It  is  the  highest  of  a 
chain  of  similar,  bare  granitic  points  extending  several  miles 
to  the  north  and  known  as  the  Crystal  Peaks.  A  rectangle, 
beginning  at  Topaz  Butte  and  running  six  miles  north  along 
the  above  ridge,  and  extending  three  miles  eastward,  will 
include  most  of  the  pockets  from  which  the  beautiful  amazon 
stone  and  smoky  quartz  crystals  have  been  taken. 

On  the  west  side  of  the  Crystal  Peaks,  pockets  have  been 
found  scattered  over  an  area  equal  perhaps  to  that  on  the 
castorn  Alope,  but  they  are  fewer  by  far  in  number.  Phenacite 
and  topaz  have  been  found  in  three  of  these  pockets,  while 
ncithor  mineral  has  been  observed  on  the  eastern  side,  though 
tlir  formation,  conditions  and  associations  are  apparently 
niniilar. 

A  pocket  fouTid  in  18S4,  on  a  debris-covered  slope  about  one 
and  a  half  miles  northwest  of  Topaz  Butte,  yielded  the  first 
pheimeitivs  and  topazes  that  were  found  in  this  region,  which 
liHvo  been  described    by  Cross  and  bv  W.  E.  Hidden.     The 

*  ICxliiK't  from  u  pu}Kyr  read  Got.  3.  before  Colorado  Scientific  Society,  to  be 
pttliltNliiMl  in  vol.  li,  }>Hrt  2. 
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1  nerals  associated  with  phenacite  in  this  pocket  are  topaz, 
i<rocline,  qaartz  (smoky  and  white),  albite,  fluorite,  limonite 
Beudomorph  after  siderite),  columbite  (very  rare),  and  biotite. 
m  this  pocket  the  writer  found  fragments  of  topaz,  albite, 
ftartz,  and  roicrocline  with  phenacite  attached.     On  one  piece 

albite  were  fourteen  distinct  crystals  of  phenacite  on  a  sur* 
«e  about  three-quarters  of  an  inch  square. 

The  largest  phenacite  ever  found  in  this  locality  is  a  rough 
Bticular  crystal  about  15°™  in  diameter.  Most  crystals  are 
^lorless,  but  those  that  have  been  entirely  imbedded  in  gangue 
"€  generally  of  a  faint  wine  color;  one  was  observed  having 
smoky  bluish  tinge.  All  phenacites  attached  to  microcline, 
sre,  as  well  as  at  the  Specimen  Rock  locality,  have  been  on 
^e  green  or  amazon  stone  variety.  A  few  phenacite  crystals 
^ve  been  observed  in  the  interior  of  smoky  quartz  and  of 
»azon  stone  crystals,  these  minerals  showing  no  evidence  of  a 
<ondary  growth.  Phenacites  have  also  been  found  half  in 
3artz  and  half  in  microcline  when  the  two  minerals  are  in 
ntact.  Other  crystals  seem  to  be  of  a  later  generation  than 
e  original  minerals  of  the  cavity,  as  they  occur  slightly 
achea  to  amazon  stone,  to  albite  coating  microcline,  and 
^irely  imbedded  in  the  limonite  crust  on  some  feldspars. 


^.  XVI.— 7%e  Noriies  of  ilie  **  Corllatidt  Series  '*  on  Uie 
Hudson  River  near  PeekskUl,  N.  Y. ;  by  Geo.  H.  Williams. 

Ik  a  former  paper  on  the  "Peridotites  of  the  Cortlandt 
Hes,"*  the  writer  has  described  the  most  basic  members  of 
^t  extremely  varied  and  interesting  group  of  massive  rocks 
xich  occupy  the  northwestern  corner  of  Westchester  County, 

Y.  These  peridotites  are  characterized  by  the  pre-^ence  of 
e  mineral  olivine  and  the  almost  complete  absence  of  feldspar. 
tiey  are  most  abundantly  developed  on  the  western  edge  of 
^e  area  occupied  by  the  Cortlandt  rocks  (Stony  Point,  on  the 
fest  bank  of  the  Hudson  River,  and  in  the  southern  part  of 
iontrose  Point)  but  are  also  met  with  at  several  localities  in 
ta  southeastern  portion.  Quaniitiitively  they  make  up  but  a 
Jmall  proportion  of  the  whole  series. 

By  far  the  larger  majority  of  the  Cortlandt  rocks  contain,  as 
heir  most  important  constituent,  a  triclinic  feldspar.  Quartz 
nd  orthoclase  also  occur  in  some  of  them,  although  these 
minerals  are  comparatively  rare.  Other  characteristic  compo- 
ents  are  hypersthene,  augite,  hornblende  and  mica.     Magnetite 

♦This  Journal,  Jan.,  1886,  p.  26. 

Am.  Jour.  Sci.— Thuu)  Series,  Vol.  XXXIII,  No.  194.— February,  1887. 
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and  apatite  are  always  present,  thoagh  in  varying 
and  garnet  is  not  uncommon,  especially  around  the  < 
area. 

The  predominating  rock-type  within  the  Cortlat 
particularly   characterized    by   the   presence  of    hj 
Throughout  nearly  the  entire  township  east  of  the 
Central  and  Hudson  Biver  Railroad  and  also,  to  a  c< 
extent  west  of  this,  rocks  of  this  class  prevail ;  ar 
amples  of  the  pure  norite  type,  composed  wholly  •f 
and  hypersthene,  appear  to  be  exceptional.     In  near 
mens  biotite,  hornblende  and  augite,  either  singly  o 
accompany  the  hypersthene  in   every   conceivable 
and  thns  form  gradual  transitions  into  mica-diorite,  h 
diorite  and  gabbro.     These  rocks  are  developed  in  c( 
purity  in  the  western  portion  of  the  township;  and  ye 
out  the  entire  Cortlandt  region,  intermediate  and  1 
forms   are   everywhere   more  abundant  than  well  d 
tremes.     The  naming  and  classification  of  particular 
becomes  a  matter  of  great  difficulty;  and  when  it 
bered  that  to  the  mineralogical  variety  a  great  struct 
sity   is   added,  some  idea  may  be   formed  of   the 
different  types  which  may  be  collected  within  this  v< 
district. 

ThiB  constant  occurrence  of  such  transitional  forn 
want  of  any  regularity  in  the  distribution  of  the  p 
makes  it  impossible  to  regard  these  rocks  as  anythin 
modifications  or  special  facies  of  one  and  the  same  ms 
ever  great  their  mineralogical  variety  may  be,  the 
form  but  a  single  geological  unit. 

As  already  stated  there  seems  to  be  a  peripheral  d 
of  those  rock-types  which,  like  diorite  and  gabbro,  < 
widely  from  the  prevailing  norite.  A  possible  con 
tween  this  fact  and  the  proximity  to  these  rocks  ol 
schists  and  limestones  which  surround  or  are  enclc 
massive  area,  the  writer  hopes  to  discuss,  in  conne 
some  chemical  analyses,  in  a  later  paper. 

At  present  only  a  petrographical  description  of  t 
rocks  themselves  will  be  attempted.  For  this  purpo 
types  will  be  treated  in  succession  and  about  ea 
grouped  such  varietal  or  transitional  forms  as  are  pi 
the  various  admixtures  of  accessory  constituents, 
will  be  designated  according  to  its  prevailing  non- 
mineral  as  follows : 

Class  II,    hypersthene,  Norite. 
^'    III,  augite,  Gabbro. 

^    lYf  hornblepde,    Diorite. 

MiOA-DlOBITB. 
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Non-Chbysolitic  Rocks. 

Class  n.     Norite,     (Esmark). 

The  application  of    the   microscope  and    accurate    optical 
Aiethods  have  been  instrumental  in  showing  that  many  rocks 
formerly   supposed  to  contain  orthorhombic   pyroxene  are  in 
reality  devoid  of  this  mineral.     Many  of  the  so-called  "  hypers- 
tlenites"  of  the  older  petrographers  contain  only  a  glistening, 
bronzy   diallage   (the   ^^diaUage  metaUoide^^   of  Hauy).     This 
peculiar  luster  is  found   to  be  in  no  way  connected  with   an 
ortborbombic  crystallization,  and  jet  the  microscopic  studies  of 
rx)cks  have  by  no  means  tended  to  show  that  hypersthene  is  a 
less  widely  distributed  mineral  than  was  formerly  supposed.    On 
"klie  contrary,  orthorhombic  pyroxene  is  constantly  being  found 
'to  be  a  more  and  more  important  rock  constituent.     Not  only 
is  it  discovered  to  have  an  unsuspectedly  wide  spread  occur- 
rence in  the  younger  volcanic  lavas,  but  in  the  more  basic  of 
Xht  older  granular  rocks  true  hypersthene  is  by  no  means  a  rare 
constituent     The  localities  for  hypersthene-gabbro  or  hyperite 
are  constantly  increasing,  wherever  the  older  rocks  are  oeing 
istudied. 

Hypersthene  rocks  have  long  been  known  to  be  developed 
OB  an  enormous  scale  in  the  Laurentian  formation  of  Canada 
Hud  northern  New  York,  where  they  are  called  anorthosite  or 
xiorite.  True  hypersthene  is  also  known  to  have  a  wide  distri- 
bution in  the  aark,  fine  grained  gabbros  of  Maryland,*  Del- 
airaref  and  Pennsylvania.  These  rocks  are  members  of  the 
Archaean  formation  and  resemble  traps,  although  they  are 
wholly  diflferent  from  the  mesozoic  diabase  of  the  Atlantic 
border. 

The  occurrence  of  a  considerable  area  of  massive  rocks  in 
^hich  hypersthene  is  the  prevailing  bisilicate,  on  the  southern 
flank  of  the  Archaean  Hignlands  of  New  York,  is  very  interest- 
ing in  connection  with  the  distribution  of  this  mineral  in  the 
^ksof  the  Appalachian  belt  to  the  north  and  south  of  it. 

The  earliest  identification  of  hypersthene  in  the  Cortlandt 
rocks  is,  as  far  as  I  have  been  able  to  ascertain,  that  of  Ilennann 
Credner   in  18654     These  rocks  are  described  by  Mather,  in 

*See  Bull.  U.  S.  Geol.  Survey,  No.  28.  p   18. 

tP.  D.Chester:  Proc.  Acad.  Nat.  Si.«i.  Philadelphia,  Oct.  14,  1884.  Dr.  Geo. 
^«  Hawes  also  found  hypersthene-gabbroa  abundant  in  the  White  Mts.,  N.  H. 

t  Iimay  be  of  interest  to  quote  here  a  few  sentences  from  Credner's  description  of 
ttiese  rocks,  given  in  an  article  entitled  *' Geognostische  Skizze  der  Unigegend  von 
^®^York."  He  says:  "Noch  einige  Mcilen  (von  Now  York)  nordlich  wird  der 
Oneiag  sebr  reich  an  Hornblende,  bis  diese  den  Glimmer  noch  und  uoch  verdrang^ 
woduTch  ein  ansgezeichneter  Homblendeschiefer  entateht  welcher  allmahlig  sein 
•chiefriges  Gefuge  verliert  und  zu  einera  porphyrartigen  Syeuit  wird,  in  dessen 
^®^r  Qnindmasse  grosse  blattrige  Homblendeindividuen  ausgeschieden  liegen. 
Yon  diesem  Gkstein  sollen  wiederum  Uebergangsstufen  nach  dem  Hypersthenfels 
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his  report  on  ihe  geology  of  the  first  district  of  New  York,  as 
"syenite"  and  "hornblende  rock."*  The  next  notice  of  xhe 
occurrence  of  hypersthene  in  the  rocks  near  Peekskill  was  given 
by  Prof.  Jas.  D.  Dana,  who  identified  and  described  it  in  con- 
nection with  his  studies  of  the  rocks  of  Westcliester  County. ^f 
The  comparative  rarity  of  pure  rock  types  in  the  CJortlancJ* 
Series  above  alluded  to  render  various  subdivisions  under  tb^ 
hypersthene  rocks   necessary.     I  shall  consider  in  successioi^^    * 

1.  Norite  proper. 

2.  Hornblende  Norite. 

3.  Mica  Norite. 

4.  Hyperite  or  Augite  Norite. 

5.  Pyroxenite. 

1.  Norite  proper. 

As  already  stated,    hypersthene   rocks   which   are  entirely 
devoid  of   mica,    hornblende   and  augite   are   extremely 
within  the  Cortlandt  region.     Indeed  it  may  be  doubted  if  an^ 
specimen  of  the  absolutely  pure  norite  type  could  be  found 
and  yet  such  are  occasionally  met  with  as  contain  these  mineral 
in    very   small   quantities.     These  specimens  are  regarded 
representing  the  norite  proper. 

Two  thin-sections  in  Professor  Dana's  collection,  prepare*  ^ 
from  specimens  collected  at  the  iron  mine  three-fourths  mile  V*  ^ 
15°  W.  of  Cruger  s  ptation,  show  the  norite  type  in  greater  porit^^^ 
than  any  others  which  have  come  under  the  writer's  notict^-^ 
They  are  almost  wholly  free  from  the  non-essential  mineral 
only  occasional  plates  of  a  very  dark  biotite  being  observabl* 
The  ground-mass  is  here  a  rather  coarse-grained  mosaic  • 
plagioclase.  The  hypersthene  is  present  in  well-defined  inc 
viduals  with  a  more  or  less  rounded  outline.  This  mineral 
freer  from  inclusions  and  has  a  much  lighter  color  than  is  usi 
in  the  Cortlandt  norites. 

nachzuweisen   sein,   welcher  das  hugelige  aus  steilen  B^^rgkuppen  bestehe: 
Plateau  bildet,  das  sich  am  linken  UiVr  des  Hudson  in  dstlicher  RichiiiDg 
Peekskill,  einer  ctwa  40  Miles  von  New  York  gelegenen  Siadt,  ausdehnt. 
war  verhiiidert  dicse  Uebergange  genau  zu  verfolgen,  babe  aber  ein  feinkoi 
Byenitiscbes  Gest^in  beobacbtet,  welches  grosse  Partieeu  von  griiner  Homble: 
umfassie,  in  welcher  kupfer-glanzende,  scharf-begrenzte  Hj'persthen-lndivid 
lagen.    Diese  Gesteinsart  scheint  die  Mitte  der  Uebergai>g8iuten  zwischen  Hyp>^^' 

Bthenit  und  Syenit  einzuncbmen Nordlich  von  Peekskill  geht  der  Hyper- 

■thenfels  wieder  in  Syenit  iiber.     Das  zwiscben  beiden  liegende  Gestein,  weJcl^w 
Hornbleude  und  Hyperstben  zugleicb  entbalt,  babe  idi  auch  bier  beobacbtetl'' 
— Zeitscbrift  der  deutschen  geologiscben  Gesellsobaft. — Bd.  ivii,  1865,  p.  390. 
Tbe  gradual  transilion  of  the  hypersthene  rock  iuto  syeuite  and  homblende-edidgt 
does  not  in  reality  appear  to  exist. 

*  Geology  of  New  York — Part  I,  Geology  of  the  First  District  by  Wm.  W 
Mather,  1843,  p.  528. 

f  On  the  geological  relations  of  the  limestone  belts  of  Westchester  County,  Ne^ 
York.     This  Journal,  III,  xx,  p.  197,  Sept.  1880. 
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Slide  No.  118  of  the  Johns  Hopkins  University  collection,  ia 

of  a  rock  from  the  same  locality  as  the  two  just  mentioned.     It  is 

essentially  the  same  as  the  preceding  but  contains  as  additional 

constituents  pleonaste  and  garnet.     The  relation  of  the  first  of 

^hese  minerals  to  the  norite  is  very  interesting  and  will  be  more 

fully  described  beyond.     The  garnet  here  forms  narrow  borders 

ATOund  the  iron    minerals.     Here  again   the  hypersthene  and 

fcWspar  are  unusually  light  colored  and  free  from  inclusions, 

a  fact  which  may  indicate  that  nearly  all  the  iron  present  in 

the  magma  crystallized  in  the  ores. 

No.  43,  from  Shaw*s  blacksmith  shop  near  the  railroad  cross- 
ing at  Centerville  on  the  road  to  Peekskill,  exhibits  a  very 
interesting  variety  of  the  typical  norite  containing  large  por- 
phyritio  crystals  of  ortkoclase.  At  first  glance  this  rock  in 
the  hand-specimen  appears  like  a  medium  grained  aggregate  of 
^eddish  brown  feld.spar  and  glistening  bronzy  hypersthene,  but 
a  closer  examination  reveals  the  presence  of  long,  narrow  cleavage 
surfaces  of  feldspar.  Some  of  these  measure  as  much  as  lOx 
80**°!  The  crystals  are  elongaed  in  the  direction  of  the  clino- 
diagonal  axis,  as  may  be  seen  from  the  direction  of  the  cleavages. 
The  highly  reflecting  surfaces  are  everywhere  sprinkled  with 
dull  spots  which  the  microscope  shows  to  be  inclusions  of  the 
other  constituents  in  grains  of  the  usual  size.  Here,  therefore, 
We  have  another  example  of  the  structure  which  the  writer  has 
distinguished  as  pceciliiic*  in  describing  the  hornblende  of  the 
Cortlandt  peridotites. 

-A  careful  examination  of  this  feldspar  leaves  little  doubt  as  to 
^'s  being  a  true  orthoclase.     Its  specific  gravity,  determined  by 
^he  Thoulet  solution  and  a  Mohr's  balance,  is  2*615.     The  pow- 
der, which  was  completely  isolated  from  the  other  constituents, 
Save  a  strong  potassium  reaction.     A  series  of  measurements 
^li  the  reflectins^  goniometer  gave,   for  the  angle  between  the 
^Wo  cleavage  planes,  values  varying  from  89°  35'  to  90°  44',  a 
flight  uncertainty  being  occasioned  by  the  somewhat  undulatory 
character  of  the  cleavage  surfaces.     Stauroscopic  determinations 
of  the  extinction  anjjles,  made  on  carefully  detached  cleavage 
pieces,  yielded  values  averaging  5^°  forooPoo  (010)  and  0°  for 
Op  (001). 

This  feldspar  also  differs  in  several  other  particulars  from 
wae  small  reddish  brown  plagioclase  crystals  which,  as  usual, 
^ake  up  the  greater  part  of  the  Cortlandt  norite.  Twinning 
ItmellaB  are  altogether  wanting  in  it,  and  its  color  is  white,  owing 
to  the  absence  of  the  reddish  dust  which  is  always  present  ia 
tlie  plagioclase.  Its  appearance  in  the  hand-specimen  is  fresh 
and  glassy,  while  under  the  microscope  it  possesses  to  a  high 

^Tbis  Journal,  Jan.  1886,  p.  30.    The  word  is  here  changed  to  the  accepted  form. 
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degree  the  peculiar  "  shagreen  "  surface,  bo  characterisnc  of  ( 
I  tain  minerals  such  as  olivine  (fig. 

This  appears  to  be  due  to  a  vast  ni 
her  of  very  minute  oval  indenlstii 
which  completely  cover  the  surf 
wherever  it  is  exposed. 

This  occurrence  of  orthoclase 
nonte  la  very  interesting  and  is  qi 
in  accord  with  determinations  1 
merly  made  of  the  feldspars  in  th 
rocks  by  Prof,  Dana  ana  the  late '. 
Q  W   Hawes  * 

The  plagioclase,  which  compo 
most  of  the  groundmaaa  of  this  rock  and  also  occurs  occasi 
ally  as  incliitiona  in  the  orthoclase,  is  shown  by  its  spec 
gravity  and  extinction  angles  to  be  Andest'ne,  The  former, 
determined  by  the  Ttioulel  solution,  is  2-674.  The  extinoL 
angles  are  i°-5°  on  OP  (001)  and  IC-lg"  on  «,  P  «  (010). 
the  gronndmass  of  the  rock  these  plagioclase  individuals 
crowded  thickly  together  and  are  often  bent  or  broken, 
such  cases  ihey  show  mo^it  beautifully  the  increase  in  the  iii 
ber  of  twinning  lamellse  where  the  strain  has  been  greate3t(Gs. 
9  Such  a  mechanical  origin  of  t« 

ning  InmelJtB  in  feldspar  has  b 
figured  and  described  by  van  Vt 
veckef  and  Judd,;f  but  ii  wo 
be  difficult  to  conceive  of  finer  ■ 
amples  of  it  than  are  to  be  found 
this  rock.  In  ihe  groundmass  thi 
plagioclase  crystals  are  well  deV' 
oped  and  have  their  cbaracterisi 
lath-shaped  form,  but  where  tbi 
are  imbedded  in  the  orthoclase  thi 
show  exceedingly  irregular  shapes 
Bent  and   though  they  had  been  partially  d 

The  hyperatiiene  is  generally  i 
ranged  in  groups  of  three  or  mc 
irfeBular  H^ffioclaae  crystal'  <^^yf^'^^-  These  are  intensely  color 
Plafciociase  i<  rfpresented  be-  owing  to  the  large  amount  of  ir 
which  they  contain  and  show  th 
L[^  twmniQK  sirucuire.  oharactcHstic  trichroism  (a  =  a  =re 
A  =  b  =  yellow;  (■  =  c  =  green)  very  vividly.  In  spite  of  lh( 
deep  color,  these  hyperathene  crystals  are  unusually  full  of  t 

•This  Journal,  Sept.  1880,  p.  197. 

t  Neiies  Jithrbuch  fur  Uineraiogie,  etc,  1883,  ii,  p.  97. 

X  Quanerly  Journal  of  the  Geological  Society,  Au(t.  18B6,  p.  3S6. 
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tLe  center  li y|>ersihene.  On  tlii 
encloBinK 
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■^  inclosions  so  chsracteriBtic  of  this  species,  a  fact  which 
foald  apeak  against  their  having  been  secondarily  formed 
by  " Khitlerization."  which  Profcsaor  Jadd  states  is  attended 
by  a  bleaching  of  the  original  mineral  subaianca  The  ex- 
tinction of  the  mineral  is  in  all  sections  parallel  to  the  crys* 
tRl1<^raphic  axes.  In  sections  parallel  to  the  basal-  or  miiero- 
pinacoids,  the  bisectrix  may  be  seen  to  siand  perpt^ndicular 
to  the  face  and  the  optical  angle  lo  be  smaller  in  the  latter  case 
tha.a  in  the  former.  This  fact,  taken  in  connection  witb  the 
deep  colors  exhibited  by  the  mineral,  s  suBicient  to  place  its 
nature  as  true  hypersthene  beyond  a  doubt. 

The  only  other  constituents  observed  in  this  rock  are  biotite, 
irregularly  dispersed  in  small  quantities  and  a  considerable 
amount  of  apatite  and  magnetite  or  ilmenite 

All  the  feldspar  ot  this  norite,  both  orthoclase  and  andesine, 
IB  filled  with  inclusions  of  such  great  beauty  and  delicacy  that 
they  seem    to   merit    a    description  3 

eapecially  on  account  of  their  bearing 
Upon  the  former  remarksof  the  writer 
P^arding  Professor  Judd's  theory  of 
Schillerization.*  These  inclusions 
wlich  are  represented  in  fig.  3  as 
natgnified  about  SoO  diameters,  con 
sisUof  plates,  rods  and  minute  dots 

1.  The  plates. — Tlie  color  of  these 
IS  either  red,  grading  as  they  become 
thinner  into  shades  of  orange  and 
yellow;  or  greenish -gray.  They  are 
^netimes  hexagonal,  sometimes  rectangular  and  aoinetimes 
**^nlar  in  shape.  Almost  always  they  are  finely  perrated  for 
*  portion  of  their  edge.  The  largest  measure  about  004x0-01 
^01  From  this  size  they  grade  down  to  the  minutest  dots, 
*lways,  however,  transparent,  homogeneous  and  very  sharply 
Outlined.  These  plates  do  not  exercise  any  influence  upon 
polarized  light.  This  is,  however,  on  account  of  their  extreme 
thinness  as  compared  with  the  mineral  in  which  they  are  im- 
bedded. These  plates  very  strongly  resemble  extremely  thin 
^^ijstals  of  hematite  (micaceous  iron,  eisenglimmer)  and  the 
Titer  is  inclined  to  regard  them  as  composed  of  this  substance. 

2.  Rodt.—When  very  minute,  the  above  described  plaU's  are 
psquently  arranged  in  parallel  rows,  which  grade  insensibly, 
'"to  long,  hair-like  rods.  These  are  sometimes  discontinuous, 
*liere  series  of  dots,  through  a  part  or  ihe  whole  of  their 
'*Ogth;  sometimes  they  are  thickened  in  certain  places.  Often 
'heee  nids  may  be  seen  to  be  continuous  with  the  plates,  and,  like 
*nein^  they  are  always  transparent  with  a  brown  color  except 

•  This  Jounial,  Jauuary,  1886,  p.  33. 
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when  of  the  extremest  thinness.  These  rods  are  often  can 
and  close!  J  resemble  the  trichites  seen  in  certain  volcanic  glasi 
There  is  n6  parallelism  whatever  in  the  arrangerneni  of  these  boo 
a  fact  which  has  an  important  bearing  on  their  mode  of  ori|3 

8.  7%e  dots, — ^These  are  extremely  minute,  opaque,  global 
bodies,  which  may  be  regarded  either  as  very  small  plates  01 
the  elements  of  which  the  rods  are  composed.  They  vary  soi 
what  in  size,  the  smallest  forming  the  fine  reddish-brown  di 
which  imparts  the  characteristic  color  to  the  andesine  and  wh 
no  power  of  the  microscope  can  resolve.  These  dots  resem 
the  globulites  in  certain  obsidians  in  the  same  way  in  which 
rods  resemble  trichitea. 

The  mutual  arrangement  of  these  three  classes  of  inclusi 
throws  considerable  light  on  their  nature  and  origin.  As  ab 
retnarked,  there  seems  to  be  no  regularity  in  their  direction 
would  be  required  by  the  "solution  planes  "  of  Judd  ;  and 
there  is  a  very  decided  regularity  in  their  arrangement  in  zc 
in  the  enclosing  crystal.  As  a  rule,  thecenter  of  the  plagioe! 
individuals  is  occupied  by  an  indiscriminate  mass  of  rods  i 
plates,  which  is  surrounded  by  a  zone  filled  only  with  rede 
dust.  Outside  of  this  there  is  almost  always  an  exterior  z 
quite  free  from  inclusions  of  any  kind.  This  arrangemen 
essentially  the  same  as  that  recently  described  by  the  write 
the  bvtownite  of  the  Baltimore  gabbros.* 

The  dust-like  globulites  are  also  present  in  the  space  betw 
the  rods  and  plates  near  the  center  of  the  crystal.  Then,  h 
ever,  there  is  always  a  perfectly  clear  space  around  each  lai 
inclusion  and  the  width  of  this  clear  zone  depends  vpon  the  siz 
the  inclusion  which  it  surrounds.  It  is  widest  about  ceri 
occasional  octahedral  crystals  of  magnetite  (see  fig.  3).  ' 
bearing  of  this  phenomenon  upon  the  mode  of  origin  of  the 
elusions  is  too  apparent  to  neea  further  elucidation. 

The  fact  that  the  arrangement  of  these  inclusions  is  altogei 
independent  of  the  numerous  bendings  and  cracks,  mentio 
above  as  so  common  in  this  feldspar,  also  speaks  strot 
against  their  secondary  origin. 

A  careful  and  prolonged  study  of  the  form,  size  and  arrai 
ment  of  these  inclusions  has  convinced  the  writer  that  they 
original  and  represent  the  form  in  which  the  iron  first  sepan 
from  the  magma.  This  was  probably  simultaneous  with 
crystallization  of  the  feldspar,  as  is  indicated  by  the  uniforn 
of  their  zonal  arrangement. 

Such  red  globulitic  dust  is  well  known  to  be  the  coloi 
matter  of  the  feldspar  in  many  of  the  quartz  porphyries.  [ 
sunstone  of  Tvedestrand  owes  its  peculiar  luster  to  plate 

♦  Bulletin  of  the  U.  S.  Geological  Survey,  No.  28,  p.  21,  1886. 
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hematite,  similar  to  those  found  in  the  well  known  perthite,  or 
even  in  some  crystals  of  carnallite. 

Although  such  inclusions  are  almost  always  present  in*  the 
older  rocks  which  have  originated  at  great  depths,  they  are  by 
no  means  unknown  in  certain  minerals  of  volcanic  rocks  whicQ 
have  cooled  at  the  earth's  surface.  Those  above  described  ia 
the  plagioclase  of  the  Cortlandt  norite  are  almost  identical  in 
both  form  and  disposition  with  the  ones  which  Prof.  Hermann 
Vogelsang  so  adtnirably  figured  in  1874  from  the  nosean  of 
Rieden.*  Mierisch  has  also  very  recently  described  and  figured 
similar  bodies  in  the  sodalite  and  apatite  found  in  druses  of  the 
limestone  blocks  ejected  from  Monte  Somma.f  X 

Although  the  norite  is  the  prevailing  type  of  massive  rock 
throQghout  Cortlandt  township,  still  the  pure  aggregate  of 
plagioclase  and  hypersthene  is  comparatively  rare.  In  almost 
every  case  either  biotite  or  hornblende  or  monoclinic  pyroxene 
is  present,  and  often  two  or  all  three  of  these  together  in  acces- 
sory quantities,  forming  transitions  to  the  mica-diorite  and  gab- 
bro  which  are  common  modifications  of  the  same  continuous 
mass,  especially  around  its  periphery.  The  writer  has  there- 
fore designated  all  rocks  in  which  one-half  or  more  of  the  non- 
foldspathic  constituents  was  hypersthene  as  norite,  and  named 
varieties  of  this  after  the  prevailing  accesssory  component. 

*Ueber  die  naturlichen  Ultraraarinverbindungen.     Bonn,  Taf.  I. 

fTgchermak's  Min.  und  Petrog.  Mitth.,  viii,  pp.  166  aud  183. 

\  The  writer  does  not  wish  to  imply  by  the  above  observations  any  direct  oppo- 
sition to  Professor  Judd's  theory  of  schilierization.  Tiirough  the  kindness  and 
»n)erality  of  this  gentleman  he  has  been  enabled  to  stiidy  a  suite  of  sectionrt  of  the 
Scottish  rocks  upon  which  this  theory  was  based,  and  can  express  himself  as  con- 
^ced  of  the  correctness  of  Prof.  Judd's  conclusions  as  far  as  the^e  n»cks  are 
concerned.  The  idea  of  scliillerization,  which  Prof.  Judd  lias  so  admirably  devel- 
°P^,  is  to  be  welcomed  as  a  new  and  most  valuable  addition  to  what  microscopical 
petrography  has  accomplished.  It  is  doubtless  capable  of  a  wide  application  and 
'fill  perve  to  clear  away  many  difficulties.  The  writer  desires  only  to  call  atten- 
^00  to  the  fact  that  it  is  uusafe  to  ascribe  all  the  inolusio?is  occurring  in  the  old 
Panular  rocks  to  the  effects  of  what  Professor  Judd  calls  scliillerization,  even 
'^nen  these  apparently  resemble  such  as  have  been  utidoubtedly  produced  in  this 
^*y.  How  ofien  is  it  observed  that  nature  employs  diverse  means  to  accomplish 
approximately  the  same  result  1  Two  investigators,  commencing  with  the  study 
w  effects  which  may  with  certainty  be  attribute<l  to  very  different  cfiuses,  often 
Succeed  in  tracing  these  by  insensible  transitions  to  a  common  ground,  where  the 
phenomena  observed  mny  be  ascribed  with  almost  equal  right  to  the  one  cause  or 
"^  other.  Hero  two  opposing  views  may  be  (lefemled  with  excellent  reasons, 
Juich  depend  largely  upon  the  direction  from  which  the  subject  was  approached, 
^th  may  be  right  and  yet  particular  cases  may  arise  where  it  is  impossible  to  de- 
®<Je  between  them. 

.^U8  it  would  appear  that  both  oria:inal  and  secondary  inclusions  may  occur  in 
^  oonstituents  of  the  granular,  deep-seated  rocks  and  that  the  similarity  between 
«ein  may  be  so  great  as  to  occasion  difBcultv  in  referring  certain  cases  to  the  one 
****»or  the  other. 
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Art.  XVIII. — On  the  Topaz  from  the  Thomas  Range^  Utaht 

by  A.  N.  Allino. 

The  topaz  crystals  under  examination  were  selected  oat  of 
considerable  number  in  the  cabinet  of  Professor  Brush,  froi 

the  locality  in  Utah  in  the  Thomas  Range^^ 
forty  miles  north  of  Sevier  Lake,  where  they^ 
occur  in  rhyolitcf  They  vary  from  8""  tr^^ 
10""  in  length,  and  are  perfectly  clear  an< 
colorless.  The  planes  for  the  most  part  ai 
very  highly  polished,  though  vicinal  plan< 
appear  in  a  number  of  cases  to  disturb  th< 
accuracy  of  measurements.  The  habit 
which  most  of  the  crystals  conform  is  showiE:^ 
in  the  figure.     The  observed  planes  are  : 

PiiiAcoidi  h  (010,  t-l),  c  (001,  0);  prisms  m  (110,  /),  /  (120,  t-2);  macrodome  » 
(201,  2.t);  brachydomes  /(021,  2-1),  V  (041,  41);  pTramids  t  (223,  |X  u  (HI,  l^^ 
0(221,  2),  e  (441,  4). 

The  following  angles,  each  representing  the  mean  of  a  nui 
ber  of  careful  measurements  with  a  Fuess  compound  goniom< 
ter,  were  taken  as  fundamental : 

y  ^  y'  041  ^  041  =  I240  41'  46' 
u^u'  111  A  ill  =    91*  12'    0'. 

From  these  angles  the  axial  ratio  was  calculated,  viz : 


-    I 


«:  6:  c  =  0  5285:  1:  0-47716. 


It  is  interesting  to  note  that  these  values  approximate  very 
closely  to  those  obtained  by  von  Kokscharow,:(  upon  the  Sibe- 
rian crystals  ;  he  gives  : 


A  :  6  :  c  =  0*52854  :  1  :  0*47698. 


On  the  other  hand,  the  axial  ratios  for  crystals  from  Ehren- 
friedersdorf,  Altenberg,  Schneckenstein  and  Brazil,  vary  from 
both  more  or  less  widely  (compare  Griinhut,  Zeitsch.  Kryst.,  ix, 
113).  Some  of  the  calculated  and  measured  angles  on  the 
Utah  crystals,  in  addition  to  those  given  above,  are  as  follows: 

CalcoJated.  Meuored. 

c  ^f       001  ^  02 1  =  43"  39'  43'  39'. 

c  /s  1        001  ^  223  =  34'  16'  34**  15'. 

c^o       001  .s  221  =63*  58'  GS**  57'. 

c^e       001  .s44l  =  76    14i'  76M2'. 

M^tt'"    111^  ill  =  39'  0'  39M'. 

0  ^  0'"    221  >N  221  -  49**  39'  49**  39'. 

y^e       041^441  =  59'  11'  59*9'. 

m  ^  m'"  1 10  ^  1  lO  =  55**  43'  55*  44'. 

♦  Abstract  of  a  college  thesis  written  June,  1886. 

f  Compare  W.  Cross,  this  Journal,  xxxi,  437,  June,  1886. 

X  With  V.  Kokscharow  the  vertical  axis  has  double  the  length  taken  here. 
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To  obviate  the  necessity  of  transferring  the  specimen  from 
the  litre-flask  to  the  stage  of  the  microscope,  I  nave  recently 
made  ase  of  an  apparatus  by  which  all  handling  of  the  speci- 
men is  avoided,  ana  yet  by  which  the  object  can  be  placed 
Qoder  the  action  of  as  large  a  quantity  of  liquid  as  may  be 
desirable. 

Reduced  to  its  simplest  terms,  the  apparatus  consists  of  a 
small  number  of  ordinary  "  chlorid  of  calcium  jars  "  (i.  e.  tall 
slender  jars  provided  with  an  opening  near  the  base),  which 
are  oonnectea  by  means  of  "  three  way  "  tubes,  with  a  common 
tube  of  small  size.     The  latter  tube  is  inserted  into  the  side  of 
a  microscopic-cell  of  simple  construction.     The  best  cells  for 
the  purpose  are  made  of  soft  rubber,  firmly  cemented  to  the 
slide,  and  provided  with  an  inflow  and  an  outflow.     The  object 
^  be  examined  is  held  without  injurious  pressure  on  the  under 
Side  of  the  thin  glass  cover,  either  by  delicate  floats  of  glass,  or 
t>otter,  by  threads  of  glass  fastened  by  wax.     As  soon  as  the 
pbjiect  has  been  put  in  place,  and  the  observer  is  convinced  that 
it    DassufiTered  no  injury  by  manipulation,  the  flow  of  liquid  is 
^' lowed  to  begin  by  sligntly  opening  one  of  the  cocks  or  clamps 
nnected  with  one  of  the  three-way  tubes.     The  object  he- 
mes at  once  bathed  in  the  liquid,  and  may  be  subjected  to  its 
tion  either  under  a  continuous  slow  or  rapid  flow,  or  to  the 
tion  of  another  liquid  which  may  be  substituted  by  shutting 
"  one  and   turning  on  another  current.     In  my  repetition  oi 
■eflFer's  interesting  experiments,  I  was  enabled  in  this  manner 
wash  the  object  with  pure  water  after  every  exposure,  with- 
t  removing  it  from  the  stage  of  the  microscope. 
It  should  be  further  said  that  the  same  apparatus  also  serves 
r  the  study  of  differential  staining  of   tissues   by  various 
bring  matters. 

By  a  slight  modification,  it  may  be  applied  also  to  the  exam- 
ation  of  the  effect  of  different  liquids  with  regard  to  their 
asmolytic  power  (de  Vries's  experiments  in  Plasmolysis). 
The  application  of  this  apparatus  to  the  cultivation  of  organ- 
ins  under  different  conditions  of  nutriment. and  the  like,  is 
^vious.  Fresh  solutions  in  any  amount  and  number  can  be 
^''ought  into  contact  with  the  submerged  parts  without  even 
^^<>nientary  exposure  of  the  parts  to  the  air. 

And  lastly,  by  a  slight  modification  of  the  apparatus,  it  is 

J^p^ible  to  examine  without  disturbance  of  the  growing  plants 

V^^  character  of  the  acid  given  off  by  the  extremities  of  roots 

^rtng  growth. 

fiy  due  attention  to  temperature  and  to  the  height  of  the 

^5^*Umn  of  liquid  in  the  jars,  all  the  necessary  physical  condi- 

^^ns  for  studies  of  this  character  can  be  kept  well  under  con- 
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Art.  XVIII. — On  the  Topaz  from  the  Thomas  Range,  Uiahf* 

by  A.  N.  Alling. 

The  topaz  crystals  under  examination  were  selected  oat  of  a 
considerable  number  in  the  cabinet  of  Professor  Brush,  from 

the  locality  in  Utah  in  the  Thomas  Range, 
forty  miles  north  of  Sevier  Lake,  where  they 
occur  in  rhyolitcf  They  vary  from  3"*"  to 
IQmm  '^^  length,  and  are  perfectly  clear  and 
colorless.  The  planes  for  the  most  part  are 
very  highly  polished,  though  vicinal  planes 
appear  in  a  number  of  cases  to  disturb  the 
accuracy  of  measurements.  The  habit  to 
which  most  of  the  crystals  conform  is  shown 
in  the  figure.     The  observed  planes  are  : 

Pinacoids  b  (010,  t-l),  c  (001,  0);  prisms  m  (110,  /),  I  (120,  t-2);  macrodome  d 
(201,  2-1);  brachydomes  /(021,  24),  y  (041,  41);  pyramids  i  (223,  |),  u  (111,  IX 
0(221,  2),  e  (441,  4). 

The  following  angles,  each  representing  the  mean  of  a  num« 
ber  of  careful  measurements  with  a  Fuess  compound  goniome- 
ter, were  taken  as  fundamental : 

y  .s  y'  041  ^  041  =  1240  41'  45" 
tt/stt'  111  A  111  =     91*  12'    0*. 

From  these  angles  the  axial  ratio  was  calculated,  viz : 

&:b:c=  0  5285:  1  :  0-47715. 

It  is  interesting  to  note  that  these  values  approximate  very 
closely  to  those  obtained  by  von  Kokscharow,:}:  upon  the  Sibe- 
rian crystals  ;  he  gives  : 

n:b:  e=i  0*52854  :  1  :  0*47698. 

On  the  other  hand,  the  axial  ratios  for  crystals  from  Ehren- 
friedersdorf,  Altenberg,  Schneckenstein  and  Brazil,  vary  from 
both  more  or  less  widely  (compare  Griinhut,  Zeitsch.  Kryst.,  ix, 
113).  Some  of  the  calculated  and  measured  angles  on  the 
Utah  crystals,  in  addition  to  those  given  above,  are  as  follows: 


Calculated. 

Measnred. 

c  ^f 

001^021  =43''  39' 

43*"  39'. 

c^i 

001^223  =  34**  16' 

34"  15'. 

C   AsO 

001  .s  221  =63**  58' 

63°  57'. 

c^e 

001  ^441  =  76"  14^' 

76°  12'. 

u  ^  u''' 

111 /sill  =  39'  0' 

39"  I'. 

0  ^  o''' 

221  ^221  =r  49**  39' 

49"  39'. 

y  ^e 

041^441  -  59''  11' 

59"  9'. 

m^m'" 

llO/sliO  =  55"  43' 

55"  44'. 

♦  Abstract  of  a  college  thesis  written  June,  1886. 

{Compare  W.  Cross,  this  Journal,  xxxi,  437,  June,  1886. 
With  V.  Kokscharow  the  vertical  axis  has  double  the  length  taken  here. 
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Advantage  was  taken  of  a  natural  prism  to  measure  the  indices 
of  refraction  ^  and  f.  Further,  the  optic  axial  an^^le  was  also 
obtained  from  a  cleavage  section.     The  values  obtained  are  as 

follows : 

fi  =  1-6104  for  yellow  (sodium)  =r  1-6075  for  red  (Uthium). 
y  =  1-6176      •*  **        =  1-6148       »•  " 

2E  =  126'  24'  for  yellow. 
Also  2y  =    67*  18'  acd  a  =  1  6072  calculated. 


Art.  XIX. —  On  a  Simple  and  Convenient  form  of  Water  Battery  ; 

by  Henry  A.  Rowland. 

For  some  time  I  have  had  in  use  in  my  laboratory  a  most 
simple,  convenient  aud  cheap  form  of  water  battery  whose 
design  has  been  in  one  of  my  note-books  for  at  least  fifteen 
years.  It  has  proved  so  useful  that  I  give  below  a  description 
for  the  use  of  other  physicists. 

Strips  of  zinc  and  copper,  each  two  inches  wide,  are  soldered 

together  along  their  edges  so  as  to  make  a  combined  strip  of  a 

iittle  less  than  four  inches  wide,  allowing  for  the  overlapping. 

It  is  then  cut  by  shears  into  piece.^  about  one-fourth  of  an  inch 

w-ide,  each  composed  of  half  zinc  and  half  copper. 

A  plate  of  glass,  very  thick  and  a   foot  or   less   square,   is 

Ideated  and  coated  with  shellac  about  an  eightli  of  an  inch  thick. 

The  strips   of  copper   and    zinc   are  bent  into  the   shape   of 

tlie  letter  U,  with  the  branches  about  one-fourth  of  an  inch 

apart,   and   are   heated    and    stuck   to   the   shellac   in    rows, 

tlie  soldered  portion  being  fixed  in  the  shellac,  and  the  two 

brxinches  standing  up  in  the  air,  so  that  the  zinc  of  one  piece 

comes  within  one-sixteenth  of  an  inch  of  the  copper  of  the  next 

one.    A  row  often  inches  long  will  thus  contain  about  thirty 

elements.     The  rows  can  be  about  one-eighth  of  an  inch  apart 

*^d  therefore  in  a  space  ten  inches  square  nearly  800  elements 

^^^ri  be  placed.     The  plate  is  then  warmed  carefully  so  as  not 

*^   crack  and  a  mixture  of  beeswax  and  resin,  which   melts 

^Q'*e  easily  than  shellac,  is  then  poured  on  the  plate  to  a  depth 

?*   lialf  an  inch  to  hold  the  elements  in  place.     A  frame  of  wood 

^®     iiiade    around    the   back  of  the  plate  with  a  ring  screwed 

^   the  center  so  that  the  whole  can  be  hung  up  with  the  zinc 

^^fl'copper  elements  below. 

^   W'hen  required  for  use,  lower  so  as  to  dip  the  tips  of  the 

*^nients  into  a  pan  of  wa*.er  and  hang  up  again.     The  space 

^  Ween  the  elements  being  -^  inch,  will  hold  a  drop  of  water 

T^bicjj   ^iii   not   evaporate    for   possibly  an    hour.     Thus  the 

^ttery  is  in  operation  in  a  minute  and  is  perfectly  insulated 

y  tlie  glass  and  cement. 

This  is  the  form  I  have  used,  but  the  strips  might  better  be 
Soldered  face  to  face  along  one  edge,  cut  up  and  then  opened. 


148  Scientific  Intelligence. 

SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  On  laopycnic  curves. — Von  Wroblewsky  proposes  to  rep- 
resent graphically  the  relations  between  the  liquid  and  the  gaseous 
states  of  matter  by  a  system  of  equal  density  curves,  which  he 
calls  isopycnic  lines.  Hitherto  these  relations  have  been  graphi- 
cally represented  by  curves  of  uniform  temperature  (isothermals) 
in  which  the  pressure  and  the  volume  are  the  variables.  In  the 
new  method  the  temperatures  are  laid  down  as  abscissas  and  the 
pressures  as  ordinates.  In  the  memoir  the  application  of  the 
method  is  shown  for  carbon  dioxide,  one  of  the  substances  for 
which  the  observed  data  are  the  most  complete.  An  inspection 
of  the  curve  shows  distinctly  that  our  knowledge  of  changes  of 
state  such  as  these  is,  especially  in  the  vicinity  of  the  liquefying 
point,  very  incomplete  and  in  part  incorrect.  Moreover  the 
author  concludes  that,  even  above  the  so-called  critical  tempera- 
ture, there  is  a  distinct  difference  between  the  liquid  and  the 
gaseous  states,  although  this  difference  is  very  small. —  Wien. 
Mo7wtsh.  f.  Chem.y  vii,  383  ;  Ber.  Berh  Chem,  Ges,  xix,  728, 
(-Re/.)  Nov.  1886.  G.  P.  B. 

2.  The  Vapor-pressure  of  Hydrated  Salts. — MtoLEB  Ebzbach 
has  continued  his  researches  upon  the  constitution  of  hydrated 
salts  as  determined  from  the  pressure  exerted  by  the  vapor  of  the 
water  they  contain,  measured  at  ordinary  temperatures.  This  he 
experimentally  determines  from  the  loss  of  weight  which  two 
identical  tubes,  one  of  which  contains  the  hydrated  salt  in  ques- 
tion, the  other  water,  simultaneously  suffer,  when  placed  in  an 
atmosphere  dried  by  means  of  sulphuric  acid.  The  ratio  of  this 
loss  of  weight  in  the  two  cases  the  author  regards  as  rigorously 
equal  to  the  ratio  of  the  elastic  forces  of  the  water  vapor  in  the 
two  tubes.  Measured  in  this  way,  he  finds  that  the  evaporation 
from  hydrated  salts  in  completely  dry  air  gives  constant  dissocia- 
tion-pressures. The  present  paper  gives  the  results  obtained  with 
nitrates  and  hydrates.  Calcium  nitrate  for  example,  CaN,0,. 
(H,0)^  loses  its  water  under  a  dissociation-pressure  of  0-06  to, 
0-07.  A  white  crystalline  mass,  left  after  evaporating  an  aqueous  * 
solution  of  the  nitrate  over  sulphuric  acid  in  rarefied  air,  con- 
tained only  three  molecules  of  water,  of  which  one  was  given  up 
at  a  pressure  of  0-10  to  Oil,  while  the  two  others  were  evolved 
at  the  lower  pressure  of  004.     Hence  the  author  represents  the 

constitution  of  this  salt  as  — — ^^\—^-J\     If  a   fourth  mole- 

H,0 

cule  of  water  be  added,  about  one-half  of  this  water  is  evolved 
under  the  pretty  constant  pressure  of  0-27  to  0*36 ;  the  pressure 
then  falls  to  0-08  to  0-07,  and  before  this  water  is  entirely  given 
up,   the   pressure  reaches    0-04,    as    above.     Strontium   nitrate, 
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SrN,0,.(H,O)^  gives  up  all  its  water  under  the  moderate  pressare 
of  0*6 1  at  12*4^;  and  nence  its  water  molecules  cannot  be  sepa- 
rated in  the  formula.  Zinc  nitraite  ZnN,0,.(H,0),  showed  for 
two  of  the  water  molecules  a  pressure  of  0*18  at  16*1°,  which  fell 
rapidly  during  the  evaporation  of  the  third  molecule  to  0*025  and 

then  became  insensible.     Hence  its  formula  is *„''J^   *     M* 

(H  0)^.  By  heating  this  salt  to  100^  Graham  found  that  three 
molecules  of  water  were  driven  off  and  the  residue  Zn  N30^(H,0), 
led.  Barium  hydrate  BaH,0,.(H,0)g  loses  the  eighth  molecule 
of  water  under  the  relatively  high  pressure  of  0*88  to  0*92,  then 
five  molecules  at  the  pressure  of  0*18  to  0*22,  then  two  molecules 
at  010  to  0*12  and  retains  one  molecule;  so  that  the  formula  of 

composition  of  this  hydrate  is -^  !!    * — [-(H,0)^.     Strontium 

hydrate  SrH,0,.(H,0),  loses  one  water  molecule  at  0*73  at  17'6° 
And  six  molecules  at  the  pressure  0*27  at  18*5^,  while  the  last 
molecule  remains  with  the  hydrate.     Hence   this   salt  has   the 

formula  ~£'i?^  +H,0.— ^er.  Berl  Chem.  Ges.,  xix,  2874- 

2876,  November,  1886.  g.  f.  r 

8.  On  the  solidification  of  Hydrogen  fluoride^  phosphide  and 
^*^timonide. — Hydrogen  fluoride,  according  to  OiiiZEwsKY,  pre- 
psired  by  heating  dry  hydro-potassium  fluoride  and   condensing 
the  product  in  a  platinum  receiver  cooled  by  ice  and  salt,  solidi- 
fies at — 102*6*  as  a  transparent  crystalline  mass  fusing  at  —92*3®. 
*'*  the  absence  of  water  the  liquid  does  not  attack  glass.     Hydro- 
€r®n   phosphide  boils  in  the  vicinity  of — 86°  and  solidifies  as  a 
^''Jatalline  semi-transparent  mass  at —133*5°,  beginning  to  fuse 
^firain  at —132*5°.     Hydrogen  antimonide,  evolved  by  the  action 
^^  dilute  sulphuric  acid  upon  an  alloy  of  two  parts  antimony  and 
tfjre^  parts  of  zinc,  crystallizes  at  —  102-5°  as  a  snow-white  mass, 
^**ing  at  —91*6°  to  a  colorless  liquid,  which  even  at  the  low  tem- 
^^^a.ture  of  —66°  to  —66°  partially  (U'coinposes  with  separation  of 
^^timony.     It  boils  at    —18°. —  Wien,    Monatsh.  f,    Vhem,^   vii, 
''1—374;  Ber.  Berl  Chem.  Ges.,  xix,  739  {Ref.),  Nov.,  1860. 

G.  F.  R 

•    On  the  Fluorescence  of  certain  Metallic  Oxides,  wheji  exposed 

tn  Electric  discharge  in  a  high  vacuum, — LEcot^  de  Boisbau- 

has  examined  several  of  th(;  metallic  oxides  by  the  method 

C^rookes,  with  a  view  to  determine  the  character  and  intensity 

^  t.fieir  fluorescence  under  these  conditions,  either  alone  or  mixed 

other  substances.     Of  these  oxides  that  of  manganese  is 

arkable  for  the  variety  of  the  colors  it  gives,  and  for  the 

i^acteristic  band  in  its  fluorescent  spectrum.     Neither  manga- 

^  Bulphate  nor  manganese  peroxide  perceptibly  fluoresces  after 

oination,  when  alone.     But  mixed  with  calcined  calcium  sul- 
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phate  (whicli  alone  gives  only  a  weak  continuous  spectrum)  eT« 
ID  the  proportion  of  only  one  per  cent,  the  mixture  fluoresce 
with  a  magnificent  green  color,  reaching  its  maximum  brillianc; 
when  five  per  cent  of  the  oxide  is  present.  Calcium  carbonati 
which  does  not  fluoresce  when  not  previously  heated,  and  whic! 
fluoresces  violet-blue  after  calcination,  gives,  on  adding  a  trace  o 
manganese,  a  magnificent  orange-yellow  color.  Magnesium  so! 
phate  alone,  afler  heating  to  redness,  fluoresces  feebly  greenisl 
white;  but  a  trace  of  manganese  causes  it  to  fluoresce  of  a  super 
red  color.  Zinc  sulphate,  calcined,  fluoresces  feebly  pale  ros 
color;  but  with  manganese,  it  gives  a  splendid  orange-red  coloi 
Cadmium  sulphate,  which  alone  gives  a  feeble  greenish-yellon 
gives  with  manganese  a  brilliant  greenish-yellow  color.  Stroo 
tium  sulphate,  however,  which  fluoresces  of  a  pale  lilac  colo 
alone,  has  its  color  or  intensity  scarcely  changed  by  the  additioi 
of  manganese.  Lead  sulphate  when  alone  gives  a  violet-bla 
feebly,  which  is  changed  by  manganese  to  a  beautiful  yellow 
Glucinum  sulphate  has  the  color  of  its  fluorescence  changed  fron 

freen  to  yellowish-green.     In  all  these  cases  the  spectrum  is  i 
road  band  reaching  from  wave-length  672-610  to  480-456,  hav 
inc  a  maximum  at  600  to  550. 

Bismuth  sulphate,  which  alone  does  not  fluoresce  after  calcina 
tion,  gives  to  calcium  sulphate,  even  in  very  small  proportion,  thi 
property  of  emitting  a  beautiful  red-orange  fluorescence.  Ti 
strontium  sulphate  it  gives  a  still  more  brilliant  fluorescence,  of  s 
tint  somewhat  less  red.  To  barium  sulphate,  which  alone  doe 
not  fluoresce,  a  trace  of  bismuth  oxide  gives  a  fine  orange-re< 
fluorescence.  To  magnesium  sulphate,  bismuth  oxide  gives  a  re< 
fluorescence,  still  less  orange.  No  result  was  obtained  with  zinc 
with  cadmium  or  with  leatl  sulphate.  The  spectrum  bands  extern 
over  a  considerable  range  in  the  spectrum  and  are  characteristic 
Purified  yttrium  sulphate,  which  alone  gives  only  traces  of  th 
yellow  bantl  Zir  yields,  when  containing  two  per  cent  manganou 
sulphate,  a  fine  yellow-green  fluorescence  whose  spectrum  consist 
of  a  wide  band  beginning  nebulously  at  wave-length  650,  reaching 
a  maximum  at  about  564,  having  an  appreciable  intensity  at  5o9- 
504,  and  ending  vaguely  at  489-484.  A  similar  mixture  witli 
bismuth  sulphate  gives  a  beautiiul  red  fluorescence,  resolved  hj 
the  speetiosct>|)e  into  a  band  lu'ginning  nebulously  at  684,  reach- 
ing a  maximum  at  042-040  and  ending  vaguely  at  579-577.  On 
treating  calcium  sulphate  with  manganous  and  with  bismuth  sul- 
phates, with  both  of  whieh  it  is  active,  the  fluorescence  wai 
Yellow  at  the  center  and  pale  green  farther  from  the  electrodes 
The  red-orange  band  was  brighter  than  the  green;  but  on  heating 
the  tubv  it  almost  disap]u'ared.  When  cadmium  .sulphate  wai 
mixed  with  nianganons  and  with  bismuth  sulphates,  with  the 
fonner  of  which  only  i^t  fluoresces,  the  yellow-green  light  gave  s 
Hpeotrum  somewhat  more  extended  and  less  brilliant  than  that 
produeed  by  nnniganese  alone.  When  both  zinc  and  calcium 
HulphatCH  were  mixed  with  manganous  sulphate,  in  various  pro- 
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portioDS,  the  green  Quorescence  of  the  calciara  salt  predominated 
when  the  weights  of  the  two  sulphaten  (zinc  and  calcium)  were 
equal;  while  with  equivalent  weights  the  red  of  the  zinc  salt  was 
slightly  the  stronger.  This  result  increased  with  the  proportion 
of  the  zinc  sulphate  until  it  became  08  per  cent,  the  fluorescence 
heing  orange-red.  On  interrupting  the  current,  the  orange  fluorf^s- 
cence  quickly  disappears,  while  the  green  of  the  calcium  sulphate 
remains  for  a  considerable  time. 

^  The  author  has  also  ascertained  that  calcined  alumina  does  not 
give  a  trace  of  fluorescence  when  submitted  to  the  electric  dis- 
charge in  vacuo.     The  characteristic  fluorescence  of  this  substance 
*8  described  by  Becquerel,  who  has  flgured  its  spectrum,  is  most 
l>Hl1iant  when  the  alumina  contains  one  per  cent  or  even  one-tenth 
pf  one  per  cent  of  chromic  oxide.     A  very  perceptible  rose  color 
is  given  by  one  hundred  thousandth  of  chromic  oxide.     One  per 
eent  .of  manganous  oxide  yields  a  beautiful  green,  and  the  same 
^antity  of  bismuth  oxide  a  lilac  when  cold  and  a  blue  on  heating. 
Magnesia  with  one  per  cent  of  chromic  oxide  gives  a  fine  red 
^lor ;  while  lime  does  not  appear  to  be  aflected  by  this  oxide. 
-^he  red  fluorescence  of  alumina  seems  then  to  depend  upon  the 
presence  of  chromium ;  the  analogy  being  complete  between  its 
potion  and  that  of  manganese,  bismuth,  Za,  Tifi  and  samarium. — 
^^  -^.,  ciii,  468-471   (Sept.);  629-631   (Oct.);  1064-1067  (Nov.); 
^  1 07  (Dec),  1886.  a  f.  b. 

5.  On  the  Refractive  index  of  Carbon  dioxide  and  of  Cyano- 
^^'*. — Chappuib  and  Rrvi^BE  have  deduced  from  their  researches 
^p>on  carbon  dioxide  at  21*  and  under  pressures  up  to  19  atmos- 
f^'^eres,  and  upon  cyanogen  at  temperatures  from  0°  to  36°  and 
J^**es8ures  from  1  to  3- meters  of  mercury,  formulas  for  calculating 
^tieir  refractive  indices.  They  find  for  carbon  dioxide  at  0**  and 
^^'^S  meter,  the  value  1*000448,  and  for  cyanogen  under  the  same 
Conditions  1-000825. —  C,  /?.,  ciii,  37-39,  July,  1886.         g.  p.  b. 

6.  JTie  Spectrum  of  Qermanium,  —  This  spectrum  has  been 
y^^pped  by  H.  Gustaf  Kobb.  It  was  formed  by  passing  sparks 
*^ona  a  large  induction  coil  from  an  electrode  of  germanium  to  one 
^-^^  platinum.  The  lines  of  the  latter  could  be  readily  identified 
^■^d   separated.     The  germanium  lines  are  given  in  the  following 


A 

Obsebvations. 

> 

6336 

5131 

Broadly  diffused. 

6020 

Very  strong. 

4813 

>t              ti 

5892 

ii 

4742 

i.              .( 

5255-5 

4684-5 

Sharp,  weak. 

5228-5 

4291 

Diffused  weak. 

5209 

4260-5 

•i            ii 

5177-5 

Broadly  diffused. 

4225-5 

5134 

4178 

ti            t( 

^^*^i.  der  Phyaik  und  Chemie^  No.  12,  1886,  p.  670.  j.  t. 

'•-  Anew  Quicksilver  Pump. — The  three  different  systems  of 
S^^cksilver  pumps — the  Gcissler,  the  Topler  and  the  Sprengel — 
^^Ve  their  peculiar  advantages  and  disadvantages.     The  Geissler 

-^11.  Jour.  Scl— TraaD  Sssns,  Vol.  XXXIII,  No.  1  94.—Fbbbuart,  1887. 
10 
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requires  a  large  number  of  cocks ;  tbe  Tdpler  is  very  fragile  on 
account  of  tbe  convolutions  of  its  parts ;  and  the  Sprengel  is 
suited  only  to  certain  kinds  of  work.  Messrs.  Greiner  and  Fried- 
richs  describe  a  new  pump  which  has  a  wide  range  of  usefalness, 
with  the  possibility  of  obtaining  a  good  vacuum.  The  chief 
peculiarity  of  the  pump  resides  in  a  ihree-way  cock,  which  is  fully 
described  in  the  author's  paper.  The  use  of  but  one  cock  gives 
the  pump  a  great  practical  advantage. — Ann.  der  PhysiJc  und 
Chemie,  No.  i2,  1880,  p.  672.  j.  t. 

8.  Relation  of  the  Electrost(xtic  and  Electromagnetic  Units. — 
The  earlier  determinations  of  this  ratio  by  different  investigators 
differ  by  as  much  as  four  per  cent,  and  the  later  determinations  of 
Exner  (v=29,20.10'),  Klemeucic  (?j=30,18.10')  and  J.  J.  Thom- 
son (v=29,63.10'),  leave  much  to  be  desired.  H.  Hinstedt  has 
made  a  new  determination,  and  obtains  the  result  r^  30,07.10*. 
The  method  employed  by  Hinstedt  required  only  the  determin- 
ation of  the  capacity  of  a  condenser,  Q,  and  a  resistance,  W, 
together  with  a  ratio  of  resistances.  The  observations  were 
independent  of  the  electromotive  force  of  the  battery  employed. — 
Ann,  der  Phyaik  tmd  Chemie,  No.  12,  1886,  pp.  560-679.     j.  t. 

11.   Geology  and  Mineralogy. 

1 .  Notes  on  the  Geology  of  Northern  CcUifornia ;  "by  J.  S, 
DiLLER.  (Abstract  of  paper,  from  the  Proceedings  of  the  Phil. 
Soc.  of  Washington,  Jan.  16,  1886.) — Under  the  direction  of 
Captain  Dutton  I  have  spent  the  last  three  summers  studying  the 
geology  of  northern  California  and  the  adjacent  portion  of  Ore- 
gon. The  conclusions  of  a  general  nature  referring  to  that  region 
may  be  briefly  summarized  as  follows  : 

In  the  northern  end»of  the  Sierra  Nevada  and  the  central  por- 
tion of  the  Coast  range,  among  the  highly  plicated,  more  or  less 
metamorphosed  strata  which  are  older  than  those  of  the  Chico 
group,  there  appears  to  be  but  one  horizon  of  limestone,  and  that 
IS  of  Carboniferous  age. 

The  northern  end  of  the  Sierra  Nevada  is  made  up  of  three 
tilted  orographic  blocks  which  are  separated  from  each  other  by 
great  faults.  The  westernmost  of  these  blocks,  stretching  far  to 
the  southeast,  appears  to  form  the  greater  portion  of  the  range. 
As  in  the  Great  Basin  region,  the  depressed  side  of  each  block 
was  occupied  by  a  body  of  water  of  considerable  size.  The  de- 
posits formed  in  these  lakes  gave  rise  to  the  fertile  soils  of  Ameri- 
can and  Indian  valleys. 

The  plication  of  the  strata  in  the  Sierra  Nevada  range  took 
place,  at  least  in  great  part,  about  the  close  of  the  Jurassic  or  be- 
ginning of  the  Cretaceous  period ;  but  the  faulting  which  really 
gave  birth  to  the  Sierra  as  a  separate  and  distinct  range  by  differ- 
entiating it  from  the  great  platform  stretching  eastward  into  the 
Great  Basin  region,  did  not  take  place  until  toward  the  close  of 
the  Tertiary  or  the  beginning  of  the  Quaternary.     Although  the 


Oeology  and  Mineralogy.  153 

faulting  may  have  commenced  earlier,  the  greater  portion  of  the 

displacement  has  taken  place  since  the  deposition  of  a  large  part 

of   the  auriferous  gravels  and  the  beginning  of  the  great  volcanic 

outbursts  in  the  vicinity  of  Lassen's  Peak.      If  we  may  accept 

Yiuixierous  small  earthquake  shocks  as  evidence,  the  faulting  still 

oontinues.     The  distribution  of  the  rocks   of    the  Chico  group 

in<iicates  that  the  western  coast  of  the  continent  at  that  time  lay 

aloBg  the  western  base  of  the  Sierra,  extending  around  the  north- 

€frii  end  of  the  range  in  the  vicinity  of  Lassen's  Peak  and  stretch- 

irig   far  northeasterly  into  Oregon.     Off  the  coast  lay   a  large 

iBia.nd  which  now  forms  northwestern  California  and  the  adjacent 

portion  of  Oregon.     This  island  extended  as  far  southeast  as  the 

I^it  river  region  where  it  was  separated  from  the  main  land  by  a 

wide  strait.     All  of  the  ridges  developed  out  of  the  Cretacean 

i8l3.nd  belong  to  the  Coast  range. 

The  volcanic  ridge  of  Lassen's  Peak  lies  between  the  northern 
end  of  the  Sierra  Nevada  and  the  Coast  range.  The  great  vol- 
canic field  of  Oregon  and  Washington  Territory,  to  which 
Lassen's  Peak  and  the  Cascade  range  belong,  appears  in  a  gen- 
eral way  to  be  outlined  by  the  depression  between  the  Cretacean 
island  and  the  main  land.  A  general  account  of  the  facts  from 
'W'liich  these  conclusions  are  drawn  will  appear  in  Bulletin  of  the 
1^-  S.  Geological  Survey  No.  33. 

2.  The  Ihconic  System. — In  a  paper  read  before  the  Philo- 
sophical Society  of  Washington,  January  16th,  1887,  entitled 
"  Geologic  Age  of  the  Lowest  Formations  of  Emmons's  Taconic 
System,"  Mr.  Chas.  D.  Walcott  considered  :  1st.  That  he  had 
^ound  the  fauna  of  the  lowest  formation  of  the  original  Taconic 
(^he  Granular  Quartz)  to  belong  to  the  Middle  Cambrian  or 
^^orgia  fauna.  2d.  That  the  fauna  of  the  typical "  Upper"  Taconic 
^ocks  in  Washington  County,  N.  Y.,  is  a  part  of  the  same  fauna. 
^<3.  That  the  granular  quaitz  and  the  Upper  Taconic  are  the 
*^ine  geologic  formation ;  the  quartz  rock  being  the  shore  deposit, 
^<i  d  the  shales,  sandstones  and  limestones  of  the  Upper  Taconic 
^;^ing  the  synchronous  deposit  off'  shore,  in  deeper  water.  4th, 
^Vie  hydromica  shales  beneath  the  limestone  on  the  west  side  of 
^li«  Taconic  range  are  the  equivalent  of  the  Potsdam  sandstone ; 
^He  lower  part  of  the  limestone,  or,  in  places,  the  hydromica 
^^ales  between  the  quartz  rock  and  limestone  representing  the 
^otsdam  on  the  east  side.  5th.  Professor  Dana  was  correct  in 
^Considering  the  Stockbridge  and  sparry  limestones  and  the  over- 
*^iDg  hydromica  schists  as  of  Lower  Silurian  (Ordovician)  age; 
^4ie  latter  representing  the  Hudson  River  formation.  6th.  Of  the 
^^rata  referred  to  the  Taconic  system  in  the  Taconic  region,  the 
&^nular  quartz  and  the  Upper  Taconic  still  remain  in  it  as  pre- 
^^otsdam  formations,  and  the  Stockbridge  and  sparry  limestones 
^^d  the  superior  hydromica  schists  are  referred  to  the  Lower 
Silurian  (Ordovician)  system. 

Reference  was  made  to  the  bearing  of  these  generalizations  on 
e  use  of  the  names  Taconic  and  Cambrian ;  the  former  being 
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applicable  to  American  strata  carrying  the  first  or  primordia 
fanna  unless  Cambrian  has  a  clear  priority  of  usage. 

Maps  were  exhibited  to  show  the  distribution  of  the  formationi 
under  discussion  in  Vermont,  Massachusetts  and  New  York ;  anc 
a  section,  crossing  Washington  County,  N.  Y.,  and  into  southen 
Vermont,  gave  the  position  of  the  formations  in  relation  to  eacf 
other.  A  hypothetical  section,  showing  the  formations  as  origl 
nally  deposited,  aided  materially  in  the  elucidation  of  the  subject 

Specimens  Hyolithes  and  Olenellus  were  shown  from  th< 
"granular  quartz"  and  the  interbedded  limestones  of  the  XJppei 
Taconic.  c.  i>.  w. 

3.  Remarks  on  the  Bevhion  of  the  Palmocrinoidea  of  Waehs 
muth  and  Springer;  by  C.  A.  White. — It  has  rarely  happenec 
that  a  more  important  palcontological  work  than  this  has  beer 
published ;  and  it  is  still  more  rare  that  a  difficult  subject  hai 
been  more  philosophically  treated.  The  work  has  been  published 
in  parts  by  the  Philadelphia  Academy  of  Natural  Science,  ending 
with  the  second  section  of  Part  III.  Part  I,  embracing  thi 
families  IchthyocriuidoB  and  Cyathocrinidae,  was  published  ir 
1879.  Part  II,  containing  the  Platycrinidse,  Actinocrinida^  atid 
Rhodocrinidae  appeared  in  1881.  Part  III,  of  which  the  second 
and  concluding  section  has  just  been  issued,  gives  the  conclusion 
of  the  family  and  generic  descriptions,  a  general  review  in  whicli 
are  suggested  some  modifications  of  the  work  of  preceding  parts, 
and  an  extended  discussion  of  the  classification  and  relations  oi 
the  Brachiate  Crinoids. 

The  authors  have  evidently  aimed  to  bring  into  systematic 
order  all  existing  knowledge  of  the  paleozoic  crinoids;  and  theii 
work  is  therefore  systematic  rather  than  descriptive.  The  few 
new  species  which  they  have  described  are  presented  as  illnstra- 
tive  of  the  general  questions  which  they  discuss. 

They  have  from  the  beginning  recognized  the  fact  that  the  only 
way  to  arrive  at  a  correct  understanding  of  the  fossil  crinoid'e 
is  by  a  comparative  study  of  their  living  representatives.  There- 
fore, the  discussion  of  the  morphological  relations  of  the  ancient 
and  recent  crinoids  forms  a  conspicuous  feature  of  their  work. 
This  method  of  treatment  of  the  subject  presents  important 
zoological  as  well  as  palcontological  results. 

Even  in  the  earlier  part  of  the  work  these  authors  recognized 
two  comprehensive  types  among  crinoids,  for  which  they  estab- 
lished the  orders  Palaeocrinoidea  and  Stomatocrinoidea ;  but  for 
the  latter  they  afterwards  adopted  the  name  Neocrinoidea,  as 
subsequently  proposed  by  Dr.  F.  H.  Carpenter.  The  principal 
distinction  between  the  two  orders  is  found  in  the  condition  of 
the  mouth  and  food  grooves.  In  the  Palseocrinoidea,  these 
organs  are  more  or  less  subtcgminal,  tfie  food  grooves  along  the 
disc  taking  the  form  of  tubular  passages,  hidden  beneath  a 
vault ;  while  in  the  Neocrinoidea  the  mouth  and  food  grooves 
are  open  and  exposed  to  view. 

In   their  broader  generalizations  they  recognize   the  stalked 
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echini noderras  as  constituting  a  class,  for  which  they  adopt  Leack- 

ar^^rt  appropriate  name,  Felmatozoa,  thus   distinguishing   them 

from  Ophiurans,  star-fishes  and  sea-urchins,  which  are  character- 

iz;<ed  by  locomotion  and  the  downward  position  of  the  mouth. 

Tlie  Pelmatozoa  are  divided   into  two  well-marked  sub-classes, 

namely,  the  Crinoidea  of  Miller,  embracing  all  brachiate  crinoids, 

w^lth  the    orders    Neocrinoidea  and    PalaBOcrinoidea ;    and   the 

Anthodiata,  or  armless  forms,  including  the  orders  Blastoidea 

and  Cystidea. 

'^rhree  sub-orders  are  proposed,  to  include  all  the  known  forms 
of  the  Palffiocrinoidea.  (1)  The  Camarata,  which  are  the  typical 
PalsBocrinoids,  having  the  plates  of  the  test  solidly  united  by 
suture  and  having'  the  lower  arm  plates  incorporated  into  the 
calyx  by  means  of  interradial  plates.  Actinocrinus  is  a  typical 
form  of  this  sub-order.  (2)  The  Articulata,  which  are  character- 
ized by  an  articulate  structure  of  the  calcareous  skeleton,  which 
'^enders  it  more  or  less  pliable,  as  in  Ichthyocrinus.  (3)  The 
Inadunata,  which  have  the  arms  free  from  the  first  radials  up- 
**'ard,  as  in  Cyathocrinus.  These  three  groups  are  found  to  be 
*-so  respectively  characterized  by  differences  in  the  construction 
^^  the  summit,  which  the  authors  consider  to  be  subordinate  to 
^i^d  consequent  upon  the  fundamental  modifications  in  the  plan 
^*  structure  above  mentioned. 

The  antliors  subdivide  the  Inadunata  into  two  groups,  namely, 
^"*?  Larviformia  and  the  Fistulata.  The  former  group  includes 
®Ucli  embryonic,  or  permanent  larval,  forms  as  Haplocriuus  and 
^'Qabathocrinus.  The  latter  group  embraces  forms  which  have 
the  ventral  portions  of  the  body  expanded  or  elevated  into  a 
porous  ventral  sac,  of  variable  size,  of  which  Cceliocrinus  pre- 
®^nts  an  extreme  example. 

The  several  groups  are  separated  into  many  families,  some  of 
^"nich  are  sharply  defined,  while  others  shade  into  each  other  by 
^^^plexing  transitional  forms.  The  generic  relations  of  the 
"•^^laeocrinoidea  are  minutely  discussed,  and  a  detailed  diagnosis 
^*  each  genus  is  given,  which  is  followed  by  a  list  of  all  the 
^Pecies  which  the  authors  consider  to  be  properly  referable  to 
^iie  genus.  The  synonymy  and  references  to  the  literature  of 
^^^h  species  is  also  given  in  full.  At  the  end  of  the  work  is  a 
^<^inplete  catalogue  of  species,  which  serves  both  for  an  index 
^JJ\<i  a  synonymic  list.  This  very  valuable  feature  of  works  of 
^'^ia  kind  is  too  often  entirely  neglected  by  authors. 

The  morphological  discussions  in  Part  III  dval  with  interesting 
M^ostions  in  relation  to  homologies  between  different  parts  of  the 
Widely  divergent  types  of  recent  and  fossil  crinoids.  In  the 
^^1*1  y  larva  of  the  living  crinoids  the  abactinal  side,  so  far  as  at 
P'^eent  known,  consists  of  only  five  basals,  forming  a  cup.  The 
?'^tinal  side  consists  of  a  closed  pyramid  of  five  plates;  the 
^^ter  covering  the  mouth.  Subsequently  the  radials,  and  after- 
^^rd  the  arms,  appear.  The  appearance  of  the  basals  and  orals 
^^  the  same  time,  the  one  occupying  the  oral  and  the  other  the 
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aboral  side,  led  Professor  Goette  and  Mr.  Wachsmath  indepeod- 
ently  to  the  conclusion  that  there  exists  a  morphological  resem- 
blance between  them.  This  view  has  since  been  accepted  bj 
Dr.  Carpenter,  and  he,  as  well  as  Wachsmuth  and  Springer,  base 
thereon  the  different  views  which  they  respectively  entertain  con- 
cerning the  summit  plates  of  the  PalsBocrinoidea. 

The  orals  in  most  of  the  recent  crinoids  are  confined  to  their 
larval  state,  but  whether  they  are  persistent  through  life,  or  are 
resorbed  in  the  adult,  the  month  and  food  grooves  become  ex- 
posed to  view  before  the  animal  reaches  maturity.     In  the  Pah 
ocrinoidea  these  organs  are  permanently  closed  by  series  of  plat< 
which  collectively  occupy  the  place  of  the  orajs  in  the  Neocrinoi< 
larva.      The  authors  of  the  revision  agree  with  Dr.   Carpentei 
upon  this   point ;    but  they  differ  from  him   as  to  which  of  thi 
varioas  summit  plates  in  the  Palseocrinoidea  individnally 
sent  the  orals. 

The  authors  have  ascertained  that  the  sammit  and  other  vau' 
plates,  which  were  generally  ignored  by  the  earlier  writers,  hai 
a  high  classificatory  value.  They  find  them  to  be  arranged  u[ 
a  well-defined  general  plan  which,  to  a  considerable  extei 
should  be  regarded  as  a  counterpart  of  that  which  is  shown 
the  plates  of  the  calyx.  The  plan  consists  of  a  central 
which  occupies  the  oral  pole  ana  covers  the  mouth,  six  proxii 
plates  surrounding  this  central  one,  but  they  are  not  always  iu 
contact  with  it,  and  frequently  radial  dome  plates,  correspondl 
with  the  calyx  radials.  The  authors  conclude  that  the  cent^ 
piece  of  the  dome,  which  they  think  primitively  consisted  of  f 
pieces,  is  the  homologue  of  the  basals,  and  that  it  represe 
morphologically  the  closed  pyramid  of  five  oral  plates  in 
Neocrinoid  larva,  the  proximals  representing  the  calyx  intei 
dials.  Contrary  to  this  Dr.  Carpenter  believes  that  the  orals 
represented  by  the  six  proximals  surrounding  the  central  pi< 
the  two  smaller  posterior  ones  being  regarded  by  him  as  «^>»i^ 
plate  divided  by  anal  structures.  This  view  was  formerly  Vm  m^^*^ 
oy  Wachsmuth  and  Springer,  but  they  have  since  abandoned.  ^^• 
Dr.  Carpenter  regards  the  central  piece  as  representing  C^lie 
dorso-central  or  terminal  plate  of  the  column.  Both  paft^*^^ 
support  their  opinion  by  extended  arguments  based  on  the  la*^^*^ 
researches  upon  both  recent  and  fossil  crinoids,  with  an  eanm<-?'^f" 
ness  which  shows  their  full  conviction  of  the  correctness  of  1 1^  ^^'' 
respective  opinions. 

An  important  discovery  is  announced  as  to  the  relations  of  '•^  "^ 
parts  on  the  dorsal  side  of  the  paleozoic  crinoids  which  seenm^?^  ^^ 
be  of  much  importance  in  their  practical  study ;  and  a  stateti^^"^ 
of  it  will  serve  to  illustrate  tlie  minute  care  with  which  tl*^^^^ 
authors  have  prosecuted  their  work.  They  consider  the  first  t"^  ^|o 
of  plates  below  the  radials  as  the  true  basals  in  all  cases, 
those  crinoids  which  have  a  dieyclic  base  the  lower  ring  of  pl^-  ^^^ 
are  called  the  undorbnsals.  These  are  often  very  minute,  i^*^"" 
coaled  within  the  basal  concavity,  or  hidden  from  external  v^*^^ 
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^y  the  column,  so  as  to  be  difficult,  and  in  many  cases  impossi- 
Me,  to  distinguish. 

By  cutting,  grinding  and  breaking  many  specimens,  Wachs- 
"^uth  and  Springer  have  discovered  that  there  is  a  regular  alter- 
nation in   the  arrangement  of  the  successive   parts   below  the 
^^ials.     The  basals  are  interradial  in  position  and  all  under- 
^asals  are  radial.     The  exterior  angles  of  the  column,  if  it  be 
^tigular,  alternate  with  the  ring  of  plates  next  above  it ;   and  if 
^he  central  canal  in  the  column  be  angular,  its  angles  alternate 
^th  those  of  the  column.     So,  if  in  relation  to  the  calyx  plates 
^We,  the  exterior  angles  of  the  column  are  found  to  be  radial  in 
position,  the   ring  of  plates  next  above,   being  alternately  ar- 
'^Qged,  will  be  basals,  and  consequently  underbasals  are  wanting. 
ffy  on  the  contrary,  those  angles  are  interradial,  the  next  plates 
")   succession  above  will  be  radial,  and  hence  underbasals.     If 
^e  column  be  round,  and  the  axial  canal  angular,  the  angles  of 
the   latter  may  be  consulted ;  if  radial,  underbasals  are  present ; 
'^  interradial,  they  aria  absent.     Similar  results  are  given  by  the 
^y^Ti  when  they  exist ;  and  by  the  segments  of  the  column,  when 
^^vided  longitudinally,  as  sometimes  happens. 

It  thus  becomes  possible  to  distinguish  between  underbasals 
*0<1  the  top  segment  of  the  column,  which  has  hitherto  been 
pft.en  attended  with  difficulty.  The  authors  assert  that  this  rule 
^^  applicable  without  an  exception  to  the  paleozoic  crinoids. 

-An  appendix  to  the  work  contains  two  articles.  In  the  .first 
^l^e  authors  place  the  genus  Stephanocrinus  among  the  PalaBO- 
^inoidea,  assigning  it  to  the  Larviformia.  Roemer  and  J. 
-Muller  had  previously  referred  this  genus  to  the  Cystidea;-and 
^*t,«r,  Etheridge  and  Cfarpenter  referred  it  to  the  Blastoidea.  The 
•^^ter  authors  seem  to  have  regarded  the  evidence  adduced  by 
^^^awhsmuth  and  Springer  as  conclusive,  for  in  -their  lately-pub- 
"sbed  catalogue  of  the  Blastoidea  they  omit  Stephanocrinus. 

In  the  second  article  they  apply  the  rules  which  they  have 
^oiind  to  govern  the  structure  of  dicyclic  and  monocyclic  Palseo- 
^^"inoidea,  to  the  later  crinoids;  and  they  come  to  the  conclusion 
^hat  the  Apiocrinoidae  and  ComatulsB  are  constructed  upon  the 
plan  of  dicyclic  crinoids ;  and  that  in  their  larval  state  they 
pt-obably  had  rudimentary  underbasals.  If  hereafter  those  plates 
^ticuld  be  discovered  their  existence  will  have  been  predicted 
^*pon  paleontological  evidence,  and  as  the  result  of  comparative 
^t  tidies. 

The  second  section  of  Part  III  completes  the  work  as  the 
^vithors  originally  planned  it;  but  they  have  begun  the  prepara- 
tion of  a  monograph  of  the  Paleozoic  Crinoids  of  Nortli  America, 
^'^kich  they  intend  to  make  the  most  extensive  illustrated  work 
^'1  crinoids  ever  produced.  Paleontologists  will  await  the  results 
^r  their  newly  self-imposed  task  with  great  interest.         c.  a.  w. 

4.  A  card  to  American  Geologists. — A  meeting  of  the  Ameri- 
^^n  Committee  of  the  International  Congress  of  Geologists,  will 
^  held  in  Albany  from  April  6  to  April  9,  1887. 
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The  object  of  the  meeting  is  to  perfect  a  scheme  embodjic 
the  thoughts  of  American  geologists  on  the  questions  of  claai 
iication,  nomenclature,  coloration,  eta,  entering  into  the  system  < 
unification  of  geological  science  which  is  the  object  of  the  Inte 
national  Congress.  In  order  that  the  Committee  may  represei 
the  views  of  all  American  geologists  it  invites  from  all  the 
individual  opinions  on  any  subjects  likely  to  arise  in  the  Congre« 
Those  who  will  meet  the  American  Committee  in  Albany,  ai 
requested  to  send  to  the  undersigned  a  note  of  the  topic  or  topi< 
they  propose  to  treat,  and  the  time  which  they  will  require.  1 
cases  where  it  is  not  convenient  for  them  to  go  to  Albany,  the 
are  requested  to  forward  astatement  of  their  views  in  writing  t 
the  undersigned  before  April  1 ,  tor  presentation  to  the  Committe 
For  information  as  to  the  kinds  of  questions  to  be  discussed,  attei 
tion  is  called  to  the  report  of  the  American  Committee  publishe 
last  Spring,  in  which  the  debates  of  the  3d  sension  of  the  Inte 
national  Congress  are  reported.  The  following  are  the  sub-con 
mittees  of  the  American  Committee: 

ArchoBan,  Hunt,  Hitchcock,  Winchell ;  Lower  Paleozoic^  Hal 
Winchell,  Lesley ;  Upper  PaleozoiCy  Hall,  Lesley,  Newberr 
Stevenson,  Williams ;  Meaozoic,  Newberry,  Cook,  Cope,  Powell 
Coenozoic  (Marine,)  Smith,  Newberry ;  Coenozoic  (Interior),  Cop< 
Quaternart/j  Recent  Archaeology^  Powell,  Winchell,  Cook. 

Pebsifok  Fbazsr,  Secretary. 

5.  l^he  ''  Mountain  limestone ''  in  Pennsylvania  a  little  oa 
1 100  feet  below  the  Pittsburg  Coal, — The  Pennsylvania  Geologic 
Report  for  the  year  1885,  contains,  on  pages  222  to  226,  a  bri 
report,  by  Professor  A.  Linn  and  E.  Linton,  on  the  discovery  < 
the  Mountain  limestone  in  connection  with  the  Washingtc 
County  gas  well.  The  limestone  is  nearly  pure  for  120  feet  or  s 
and  has  below  it*  60  feet  of  arenaceous  limestone.  Tlie  latter  co 
tains  quartz  sand,  and  even  pebbles  in  places,  with  some  graii 
of  feldspar.  This  bed  is  regarded  as  the  equivalent  of  that  d 
scribed  by  Professor  Lesley  and  Dr.  Stevenson  as  occurring  in  tl 
gaps  of  Laurel  Hill  and  Chestnut  Ridge. 

6.  Hhssil  TVunk  of  a  tree  in  hydrotnica  or  sericitic  guetss.- 
Dr.  E.  de  Fellenburg  announced  to  the  Helvetic  Society  < 
Natural  Sciences  in  Geneva,  Aug.  1886,  the  discovery  of  a  toss 
trunk  of  a  tree  in  the  gneiss  of  the  valley  of  Oberhasle  (Haslitha 
— the  length  1*45  meter,  and  breadth  0*12  to  O'lT.  It  is  not  quit 
cylindrical,  and  has  a  series  of  annular  furrows,  in  several  plac< 
a  brown  coating,  with  fine  longitudinal  striations  and  what  a 
pears  to  be  a  series  of  joints.  Another  smaller  specimen  accomp 
nied  this ;  some  characters  suggested  that  it  was  a  Calamites,  bi 
no  decisive  opinion  is  expressed.  Professor  Baltzer  stated  furth* 
that  the  sericitic  gneiss  is  associated  with  phyllite,  and  also  wil 
bands  of  granite;  and  he  expressed  his  confidence  that  the  spec 
men  was  a  true  fossil,  and  the  gneiss  a  paleozoic  gneiss. — Arc 
Scl.  Phys.  et  Nat.  Geneva^  Sept. -Oct.,  1886. 

7.  Second     Contribution   to    the    Studies    of   the    Camkrit 
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Fatiiuis  of  North  America;  by  C.  D.  Walcott.  369  pp.  8vo, 
mt\\  38  plates.  Washington,  1886.  Bulletin  No.  30,  U.  S.  Geol. 
Harvey.     A  very  large  and  elaborate  contribution  to  Cambrian 

Paleontology,  with  numerous  excellent  illustrations  on  the  33 

plates. 

8.  T?ie  Geological  and  Natural  History  Survey  of  Minnesota 
for  1885.  N.  H.  WiNCHELL,  State  Geologist. — This  volume  con- 
tains reports  on  the  Aphididfe  of  the  State  by  O.  W.  C£stland, 
on  Cheiocrinus  and  Calceocrinus  and  some  new  genera  of  Crin- 
oids  by  E.  O.  Ulrich ;  Report  on  the  Museum ;  bibliography  in 
tbe  department  of  Forammifera ;  new  fossils  by  N.  H.  Winchell;. 
on  copper  alloyed  with  silver  from  the  L.  Superior  region  (less 
than  one-tenth  per  cent  in  assays  given),  and  on  the  Cambrian  of 
Minnesota,  by  the  same. 

9.  Annuaire  Gioloyiqne  universel  et  Guide  du  Giologxie 
aiUour  de  la  Terre,  etn.,  public  par  le  Dr.  Agincourt  avec  le  con- 
conrs  de  nombreux  Geologues,  E.  Chelot  Secretaire.  Tome  II,  1* 
partie,  362  pp.;  2%  Appendice,  27  pp.;  3%  Index  bibl.  1886,  79 
pp.  Paris,  1886. — This  second  edition  of  the  Geological  Annual 
^y  Dr.  Agincourt  is  an  important  advance  upon  the  volume  of 
last  year  both  as  regards  amount  of  matter  and  accuracy.  It 
*"c*.lucles  a  long  list  of  the  Geologists  of  different  countries,  with 
their  addresses ;  of  the  prominent  museums ;  geological  charts 
*»<!  other  kindred  matter. 

10.  Notes  on  Minerals  from  North  Carolina  ;  by  G.  vom  Rath. 
"In  a  recent  copy  of  his  "  Vortrage  und   Mittheilungen,"  con- 

J**nincir  the  communications  made  to  the  Scientific  Society  at  Bonn 

b<        '  "  ~     ' 
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j^^Tid  were  received  from  Mr.  W.  E.  Hidden,  having  been  found 
.^  the  latter  in  his  explorations  in  the  neighborhood  of  Stony 
"^jnt,  Alexander  County.  The  following  abstract  includes  the 
Points  of  most  interest. 

.Hebyl.— A  highly  modified  crystal  12™"  in  length  by  10°^^  in 
^^^Ith,  and  of  nearly  ideal  symmetry,  was  found  to  be  a  combina- 
^^^n  of  the  following  forms  : 

<>{0001)*/(10lO),  t.2  (1120),  1  (lOll),  2  (2021),  2-2  (1 121),  3-?  (2131),  4-|  (3U1), 
^•*  (4263),  6-1  (4261),  f-^  (64§4)?  M  (2132). 

The  figure  accompanying  the  description  shows  all  these  planes 
^*cept  the  last  two.  The  form  4-|  is  spoken  of  as  new  to  the 
species,  which,  however,  is  hardly  true,  as  it  was  noted  by  Hes- 
«enberg  in  .1863  on  an  Elba  crystal.  The  results  of  careful  meas- 
^^<?mente  agreed  very  closely  with  the  angles  given  by  Kokscha- 
^<>w  as  seen  in  the  following  list;  the  double  angles  indicate  the 
extreme  values  for  the  different  edges  measured. 

Vora  Rath.  Kokscharow. 

0>v  2-2=136*  2'    to  135M'  135**  3'    55' 

2-2  ^  2-2=138-  37'  to  138'  38^'  138"  38'  23" 

0^  1    =160'  V    to  160°  3'  160°  3'    24* 

1a1    =161' 4'    to  161' 6^'  151' 6'   46' 
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It  was  observed  that  the  fine  emerald  color  characteristic  of  th( 
crystal  ander  examination  belonged  to  a  border  \  to  y^^  in  thick 
ness ;  furthermore,  narrow  canals  hexagonal  in  form  and  mmd* 
by  planes  of  the  anit  prism,  were  noted  running  through  the  crys 
tal  parallel  to  the  vertical  axis. 

MoNAZiTE. — ^The  crystals  examined  were  remarkable  for  thei 
size  and  perfection  ot  form,  and  especially  interesting  as  bein( 
penetration-twins  cruciform  in  shape,  with  the  orthopinacoid  ai 
the  twinning  plane.  The  chief  points  in  regard  to  these  crystal 
are  contained  in  the  note  by  Mr.  Hidden  in  this  Journal  for  Sep 
tember  last,  p.  207.  In  addition  to  the  planes  given  by  Hidden 
vom  Rath  notes  1-2  (212).  As  fundamental  angles  were  take: 
001/vl-i=138<>  7',  010/v  110=138"  8',  also  the  twinning  aogl 
l-i/^l-i=160*  4';  from  these  the  axes  were  calculated 

d:h:  c=0-96092  :  1  :  0*90807  ;  /3s=:103'  26^'. 

The  faces  did  not  allow,  in  most  cases,  of  very  accurate  measnn 
mentSy  though  on  the  whole  the  agreement  with  the  calculate 
angles  was  tolerably  satisfactory.  A  minute  comparison  is  mad 
with  the  crystals  from  other  localities  both  as  to  occurriog  plane 
and  angles.     Some  of  the  measured  and  calculated  angles  are  : 

MeMored.  OftlcaUted.  IfMtored.  Calc«lM«d. 

t-»  A  0        lOa'  29'  103*  26i'  1-i  A  2-t=160'*  1'  160'  26f' 

t-t  A  3-*       100'  23'           99*  68'  l-»  a  l-t  a  119'  26'  US'  48^' 

.X     ,,       13^63')  i,,o.o/  /a2h=133'4'  132' 54f' 

t-tAl-»      y^^.    g,  ^  131    M  i.i.2-t=160*40'  161*  27i' 

130"  40' 

Apatite. — Some  delicate  prismatic  crystals  (25""  in  lengt^ 
showed  the  planes  0(0001),  ^(1012),  l(lOll),  2(2021),  l-2(ll5i- 
2-2(1121),    3-}(213i).      The   angles   measured    agreed    within 
minute  or  two  with  those  of  Kokscharow. 

Spodumbne. — Some  crystals,  20""  in  size,  and  fully  develoj* 
at  both  ends  except  a  single  point  of  attachment,  proved  to 
very  different  in  habit  from  the  hiddenite  previously  describe 
The  identification  of  the  planes  was  a  matter  of  some  difficulty^ 
the  faces  were  dull  and  only  to  be  measured  by  means  of  attacln 
glass  plates.  The  planes  observed  are  given  in  the  following  1^ 
of  these,  z,  /*,  ^,  dy  and  cp  are  new. 

6(010,  t-l);  /(llO),  m(120,  i-2),  n(130,  i-3),  2(160,  t-6);  /(Oil,  l-i);  f  C- 
}-3),  d(421,  4-2),  e(241,  4-2),  ^(481,  8-2). 

As  fuiulamental  angles  were  taken  : 

I^  /'=86''  48',  /^  f=147''  30',  h  ^  e=152°  45', 

and  the  axial  ratio  calculated  is 

d'=^'.  c=l  1283  :  1  :  0*62345,  /3=:110*'  27^'. 

These  results  agree  very  well  with  the  axial  ratio  given  by  J.  - 
Dana  for  the  Norwich  crystals.     The  crystals  showed  /  and 
large  and  striated  parallel  to  the  edge  of  I  and  //   /,'6,  ^  w^ 
also  well  developed,  while  the  other  planes  were  quite  small. 
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Another  Bpodumene  crystal,  prismatic  in  habit  and  18"*°*  long, 
Fflembled  in  aspect  crystals  of  certain  varieties  of  pyroxene.    Th« 
cas^Btal  was  altered  and  the  faces  consequently  were  dall  and  gave 
)r  measnrements.     The  planes  finally  identified  were 

«(100,  w),  6(010,*-*),  /(llO),  m(120,  f-2),  ik(230,  t-|),  A  (021,   2-i),  c(241, 
4-2),  ^(131,  -3-3),  a;  (531,  3-1),  «;  (321,  3-|X  «(341,  4-1). 


these,  ky  S^  to  and  v  were  new  to  the  species. 
RuTiLB. — The  beaaty  and  brilliancy  of  the  black  rutiles  is 
rongly  emphasized  by  vom  Rath.  The  most  remarkable  crystal 
^«^afl a  combination  of  the  planes:  iVt(lOO),  /(1 10),  i-|(63G),  i-i{940), 
«^(410),  1-»(101),  1(111),  821(3-1);  of  these  the  prism  e-J  is  new. 
Tie  crystal  was  a  twin  of  the  rare  type  figured  by  Miller  in  his 
Mineralogy,  the  twinning-plane  being  3-t. 

TouBMALiNB. — Three  crystals  examined  were  14  to  16"°  in 
lengrth  and  7  to  10°"  through  the  prism.  They  showed  the  two 
PHsms,  and  the  terminating  planes  i2(10ll),  -^7^(0112),  —2/2 
(OlX2^,  — 2i?(022lV  in  one  crystal  the  form  — ^i?  was  prominent; 
^^^eplanes  |-2(1123)  were  also  identified. 

^XLbnotimb. — A  few  remarks  are  made  in  regard  to  some  crys- 
^^Is  already  described  more  fully  by  Mr.  Hidden.  The  terminal 
•"Ugle  of  the  pyramid  was  found  to  be  124*  28'  and  124**  30'. 

11.  Notes  on  Aquamarine  from  Mount  Anteroj  Colorado;  by 
I^^v.  R.  T.  Cross.  (Communicated.) — The  aqua-marines  forming 
^je  subject  of  this  note  were  obtained  two  or  three  years  ago  on 
^Jtw  Antero,  in  Chafifee  County,  Colorado,  by  Mr.  N.  D.  Wanamaker. 
•H^  states  that  they  were  found  in  the  decomposed  granite  of 
^^o  Sawatch  Range,  Continental  Divide,  above  timber  line,  and 
P^OBt  of  them  near  together  in  one  pocket.  I  have  deferred  writ- 
*p^  this  note  in  the  hope  of  being  able  to  visit  the  locality  myself, 
^^t;  in  this  I  have  been  disappointed. 

The  color  of  the  aqua-marines  is  bluish  green.    The  two  largest 
^^^stals  found  were  three  inches  long  and  about  half  an  inch  in 
^^ickness.     Of  those  now  in  my  possession  eight  crystals  have 
^^iTminatione,  and  a  dozen  others  are  tolerably  clear  but  not  ter- 
^*^inated.     The  longest  crystal  is  one  and  three-eighths  inches  in 
length  and  three-eighths  of  an  inch  in  diameter.    The  lower  third 
^»  translucent,  the  remainder  transparent,  with  some  ilaws.     This 
^I'ystal,  like  the  othera,  is  finely  striated  on  the  prism,  but   the 
*^a«al  plane  is  very  smooth  and  brilliant.     The  next  crystal  is  very 
dearly  the  same  size,  is  clear  through  its  whole  length,  but  has 
9^1y  an  imperfect  termination.     Another  is  three-fourths  of  an 
^nch  long,  and  on  its  termination  shows  the  planes  2-2  quite  large, 
and  the  planes  1  and  2  very  small.     The  terminal  edges  of  the 
prism  of  a  number  of  the  crystals  are  rounded;  and  some  of  them 
exhibit  what  appear  to  be  slender  longitudinal  cavities  running 
P^i^llel  to  the  prism,  and  probably  due  to  striations  on  the  origi- 
nal crystal  now  forming  *thc  core.     This  central  part,  or  core,  is 
often  very  distinct;    it  is  transparent,  while  the  outside  layer, 
^^ked  at  lengthwise,  is  opaque.     Sometimes  the  core  projects  at 
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the  broken  end  of  the  crystal  in  a  globalar  form,  similar  to  cer- 
tain tourmalines  described  by  Hamlin. 

On  examining  the  crystals  closely  I  found  a  few  which  had 
attached  to  them  what  seemed  to  be  small  quartz  crystals.  The 
angles,  however,  did  not  appear  to  agree  with  those  of  quartz, 
and  knowing  that  phenacite  was  often  mistaken  for  quartz,  as  its 
name  suggests,  I  thought  that  they  might  be  phenacites.  Mr. 
W.  Cross  confirmed  my  supposition,  and  he  placed  the  crystals  in 
the  hands  of  Mr.  Penheld  of  the  Sheffield  Scientific  School,  who 
has  fully  described  them  (see  page  130  of  this  number). 

III.   Botany  and  Zoology. 

1.  Beobachtungen  iiber  den  JBlumenbesuch  von  In$ecien  und 
Prielandpflauzen  des  Botanischen  Gartens  zu  Berlin,  von  Dr.  E. 
LoEW,  Oberlebrer  am  K.  Bealgymnasium  zu  Berlin,  1885.  Also 
Weitere  Beohctchtungen^  etc.,  1886. — ^These  two  papers,  publiahed 
one  in  the  third,  the  other  in  the  fourth  volume  of  the  Jakrbueh  of 
the  Berlin  Botanic  Gardens,  together  make  a  treatise  of  180 
pages,  intended  to  supplement  and  to  extend  the  well-known 
mvestigations  of  the  late  Hermann  MtlUer  upon  the  reciprocal 
relations  of  showy  flowers  and  insects.  Muller  investigated  these 
relations  in  a  natural  flora,  that  of  Germany,  in  which  these  rela- 
tions were  normally  established.  Dr.  Loew  studies  them  in  an 
artificial  assemblage  of  plants  recently  brought  together  in  a 
large  botanical  garden.  Mttller  undertook,  by  counting  the  viai- 
tors  to  each  kind  of  flower,  to  determine  what  kinds  and  species 
of  insects  were  especially  active  in  its  fertilization,  and  how  the 
insect  had  become  adapted  to  the  particular  blossom,  as  well  as 
the  blossom  to  the  insect,  in  the  long  process  of  natural  selection. 
Dr.  Loew's  object  was  to  ascertain  what  selections  each  species 
or  group  of  insects  will  make  among  the  flowers  of  all  the  princi- 
pal natural  orders  brought  together  for  cultivation  in  our  own 
days  from  various  parts  of  the  world.  To  keep  the  inquiry 
within  definite  and  manageable  limits,  it  was  restricted  to  three 
geographical  groups  of  plants:  1,  those  of  the  European  and 
N.  Asiatic  forest  zone;  2,  those  of  the  Mediterranean  and  the 
Orient;  3,  N.  American  and  E.  Asiatic  plants. 

Mtlller  assumed  that  wherever  the  flower  and  its  fertilizing 
insects  harmonize  perfectly  in  their  adaptations,  it  must  be  that 
the  visiting  insects  have  remained  the  same  since  the  blossom, 
under  the  influence  of  the  fertilizers,  acquired  its  special  adapta- 
tions; and  that,  wherever  the  adjustment  is  incomplete  a  consid- 
erable change  has  occurred ;  either  the  plant  is  an  immigrant 
from  some  other  locality,  or  foreign  insects  have  come  into  its 
locality,  or  its  proper  cross-fertilizers  have  disappeared.  And 
the  conclusions  gathered  from  Mdller's  statistics  were  :  1.  That  the 
more  exposed  the  nectar  in  a  flower,  the  larger  the  proportion  of 
insects  with  short  proboscis  visiting  it,  also,  of  the  kinds ;  while  in 
proportion  as  the  nectar  is  removed  from  direct  access,  the  pro- 
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portion  of  visitors  with  long  proboscis  increases,  bees,  flies  and 
butterflies;  2.  Conversely  it  is  found  that  the  shorter  the  pro- 
boscis of  an  insect  the  more  it  visits  flowers  with  free  or  little 
concealed  nectar;  the  longer  the  proboscis  the  more  it  prefers 
flowers  with  deep-seated  nectaries.     And  insects  specially  adapted 
to  flowers  of  a  particular  form  mainly  visit  these  flowers  only. 
3.  Shortrlipped  insects  prefer  light-colored  blossoms  (white  and 
yellow) ;  those  with  long  proboscis,  not  in  need  of  much  food, 
prefer  deep  colors  (red,  blue,  violet) ;  but  those  which  require 
more  nourishment  are  not  so  particular  as  to  color. 

The  question  which  Loew  asked  was,  whether  these  conclusions 

bold  good  of  foreign  plants  placed  before  the  insects  of  a  certain 

locality.     On  the   whole,  they  were  corroborated  by  his   very 

extensive  observations  in  the  Berlin  Garden.     But  the  selection 

of  foreign  plants  by  the  bee  tribe  was  often  different  from  that  of 

indigenous  plants.     For  example,  among  the  fitting  S.  European 

*Jid  Oriental  flowei-s  presented  to  them  in  the  garden,  bees  and 

tumble  bees  greatly  preferred  deep-colored  flowers;  while  among 

^e  American  plants  the  lighter-colored  Compositas  were  prefeiTed, 

probably  because  the  number  of  the  yellow-flowered  CompositsB 

'^as  so  greatly  in  excess  of  the  proper  bee-adapted  flowers.     More- 

^er,  some  nearly  related  genera  of  the  bee-tribe,  and  with  pro- 

^osces  of  the  same  length,  differed  greatly  in  their  selection  of 

■owers ;  indeed,  in  most  Apidas  the  selection  of  flowers  was  evi- 

^entily  much  influenced  and  even  determined  by  some  other  factor 

than  the  mere  length  of  the  proboscis.     From  such  facts  Loew  is 

1^    to  believe  that  Mtlller's  theory  of  the  origination  of  long^ 

*^^ked  ApidoR  from  the  short-beaiced,  in  a  direct  line  through 

natural  selection />aW />a««t/ with  corresponding  change  in  flowers, 

*  *^ot  borne  out.     M tiller  had  concluded  that  Compositse-flowers 

wei^  a  sort   of   common    feeding-ground    of  various   classes   of 

'na^^jts  J  and  the  way  in  which  bees  and  other  indigenous  insects 

*"^^\ed  their  preferences  to  foreign  Compoaitce  in  the  Berlin  garden 

cpo-firmed  this.     Finally,  Loew  proposes  a  more  simple  classifica- 

J*^^  than  Mtlller's  of  the  stages  or  adaptation  of  insects  to  flowers, 

"*^^d  upon  morphological  and  biological  characters,  quite  irre- 

*P^C3tive  of  theories  of  descent,  rightly  keeping  the  latter  in  abey- 

^i^Oc  until  the  facts  are  determined  by  direct  observations,     a.  g. 

^,  Minor  Botanical  Notes. — Under  the  patronage  of  the 
^[^ntham  Trustees,  volumes  xvi  and  xvii,  of  Hooker's  Icones 
^^^^Mntarum,  have  been  simultaneously  in  press  during  the  past 
y*^^r.  The  two  parts  of  the  sixteenth  volume,  wholly  phaneroga- 
™^^^s,  have  already  been  noticed.  Of  vol.  xvii,  which  is  wholly 
"^"Voted  to  Ferns  under  the  editorship  of  Mr.  Baker,  three 
P*^*^s  have  appeared.  One  of  them  gives  a  figure  of  a  new  North 
-^•Xierican  Fern,  the  Asplenium  Olenniei  of  Baker  (Athyrium 
P^^^cUe  of  Fournier),  a  Mexican  species,  which  Mr.  and  Mrs. 
^^^lairaon  collected  in  the  mountains  of  S.  Arizona. 

^aron  von  MtiUer,  Government  Botanist  for  Victoria,  Aus- 
^''^lia,  has  just  brought  out,  under  official  auspices,  his  Descrip- 
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Hon  and  Illustrations  of  the  Myoporineoxis  Plants  of  Australia^ 
i.  e.  the  lithograms,  seventy- four  plates,  in  a  beaatiful  large 
quarto  volume.  The  letter  press  is  to  come  **  somewhat  later.'' 
But  that,  as  the  author  intimates,  can  wait,  because  the  species 
here  so  admirably  illustrated  are  all  described  either  in  the  monu- 
mental Flora  Australiensis  (which  owes  its  value  no  less  to 
Mtlller's  labors  than  to  BentJ^m's),  or  in  the  FVagmenta  Phyiogr. 
Atuftralioe,  a  part  of  the  special  and  multitudinous  work  of  the 
present  author.  There  was  a  natural  wish  to  give  colored  plates, 
which  would  have  cost  very  much  more,  but  would  have  been 
not  much  better  for  truly  botanical  purposes.  The  drawings  are 
all  by  R.  Graff,  and  are  his  first  effort  in  this  line.  They  are 
truly  good,  and  the  lithography  does  credit  to  the  Governmeut 
printing  office  at  Melbourne,  and  to  the  Colony. 

The  Report  on  the  Primula  Conference  held  at'  South  Kensing- 
ton^ April  20,  21,  1886,  and  on  the  Orchid  Nomenclature  Confer- 
ence held  at  lioerpool,  on  June  30,  1880,  makes  up  vol.  vii,  no.  2, 
of  the  Journal  of  the  Royal  HbrticiUturcU  Society,  London.  The 
most  permanently  interesting  matter  is  the  part  relating  to  the 
origin  and  history  of  the  cultivated  Auricula,  and  next  Dr. 
Masters'  paper  on  the  root-structure  and  mode  of  growth  of  Pri- 
mulas, with  copious  illustrations.  As  to  Orchid  Nomenclature 
for  the  mass  of  varieties  and  forms  in  cultivation,  the  upshot  of 
the  conference  seems  to  be,  that  the  botanists  should  give  scien- 
tific names  to  the  more  distinct  forms,  and  the  cultivators  should 
not  imitate  those,  but  give  fancy  names — vernacular  or  other,  but 
never  Latin — to  their  own  productions  and  to  indicate  those 
differences  which  the  grower  may  value,  but  the  botanist  takes  no 
account  of. 

Professor  Macoun's  Catalogue  of  Canadian  Plants,  part  iii, 
Apetake,  has  just  appeared,  although  the  preface  is  dated  April, 
1886,  since  which,  we  presume,  it  was  printed.  It  is  one  of  the 
publications  of  the  Geological  and  Natural  History  Survey  of 
Canada.  This  completes  the  first  volume,  carrying  it  on  from 
p.  305  to  p.  623,  including  an  elaborate  appendix  to  the  first  and 
second  parts,  and  a  complete  index  to  the  volume.  This  volume 
embodies  a  vast  amount  of  work,  both  in  field  and  in  herbaria, 
and  is  full  of  valuable  observations.  Our  attention  is  particu- 
larly arrested  by  the  observations  on  trees,  especially  the  conif- 
erous trees,  which  naturally  are  most  important  as  well  as  inter- 
esting. A.  G. 

3.  Botanical  Necrology  for  1886.  —  The  following  are 
European  : 

Eduard  Morren,  Professor  of  Botany  and  Director  of  the 
Botanical  Institute  at  Li^ge,  Belgium,  son  of  a  distinguished 
botanist,  himself  more  distinguished,  died  at  Li^ge,  February  28, 
at  the  age  of  53  years. 

Rev.  Wm.  W.  Newbould,  a  most  acute  and  critical  British 
botanist,  died  at  Kew,  April  16,  at  the  age  of  67. 

Dr.  Wm.  Hillbbrand,  who  lived  and  botanized  for  several 
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years  in  the  Sandwich  Islands,  had  published  not  a  little  upon 
their  botany,  and  was  engaged  upon  a  Flora  Hawaiensis,  died, 
at  Heidelberg,  July  13.  He  is  commemorated  by  the  Begonia- 
c^ous  genus  Suiebrandia  oi  Oliver. 

Db.  Henry  Fletoueb  Hance,  English  Consul  at  Whampoa, 
an  acute  and  most  indefatigable  systematic  botanist,  unequalled 
for  his  knowledge  oi*  Chinesf  botany,  died  at  Hongkong,  June  22, 
at  the  age  of  69.  Mr.  Francis  B.  Forbes,  equally  a  devotee  to 
Chinese  botany,  contributes  to  the  Journal  of  Botany,  British  and 
Foreign,  for  January,  1886,  an  appreciative  memoir  of  his  asso- 
ciate and  friend. 

T.  G.  Obphanides,  Emeritus  Professor  of  Botany  in  the  Uni- 
versity of  Athens,  and  who  in  former  years  did  much  to  make  the 
botany  of  Greece  better  known  by  excellent  Ex»iccat(By  died 
August  17,  at  the  age  of  69. 

Prof.  J.  W.  Albert  Wigand,  of  the  University  of  Marburg, 
after  a  long  illness,  died  at  Marburg,  October  22,  in  the  66th  year 
of  his  age. 

The  notable  loss  from  our  ranks  in  this  country  is  that  of  our 
eminent  Lichenologist, 

Edward  Tuckerman,  who  died  on  the  15th  of  March  last,  in 
the  69th  year  of  his  age.  His  biography  is  given  in  this  Journal, 
vol.  xxxii,  and  in  the  Proceedings  of  the  American  Academy  of 
Arts  and  Sciences,  vol.  xxi,  1886.  *  a.  q. 

4.  BuUetin  of  t/te  MuseuTft  of  Comparative  Zoology^  Harvard 
College. — No.  6,  vol.  xii,  on  the  Deep  Sea  Mpllusca,  (Brachiopoda 
and  Pelecypoda,)  by  W.  H.  Dall,  from  dredgings  of  the  steamer 
"  Blake."  No.  1,  vol.  xiii,  on  the  Holothurioidea,  ibid.,  by  H. 
Th6el. 

5.  Elementary  (Joitrse  in  Practical  Zoology  ;  by  Buel  P. 
CoLTON.  186  pp.  12mo.  Boston,  1886  (D.  C.  Heath  &  Co.) — 
This  small  mannal  for  practical  zoology  covers  the  whole  animal 
kingdom  in  a  concise  manner,  and  will  be  found  a  convenient 
work  for  the  student. 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  Ice  Period  in  the  Altai  Mountains. — Mr.  E.  Michaelis,  in 
Nature  of  December  16  (p.  149)  states  that  in  the  southern  part 
of  the  Altai,  where  there  are  now  some  large  glaciers,  there  are 
evidences  of  '*a  mighty  spreading  of  ancient  glaciers."  The 
evidences  occur  to  the  south  on  the  ranges  of  Tarbagatay  and 
Savor,  the  southern  limits  of  the  basin  of  the  Irtysch,  where  there 
are  now  no  glaciers.  There  are  great  bowlder  and  cobble- 
stone deposits  on  the  northern  slopes,  extending  for  ten  miles 
from  south  to  north.  The  Savor  chain  is  a  post-Tertiary  eleva- 
tion ;  the  Altai  is  of  remote  age,  and  must  have  formed  dry  land 
since  the  Cretaceous  period  at  least. 

2.  Signal  Service  Bureau. — The  death  of  the  head  of  this 
bureau.  General  Hazen,  opens  the  question  as  to  the  best  suc- 
cessor.    The  work  of  the  bureau  is  scientific  in  the  collection  of 
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facts  and  the  preparation  of  daily  reports  on  the  obBervationa,  as 
well  as  in  the  discuaaion  of  the  series  of  results  brought  in  from 
over  the  country  and  world  with  reference  to  a  knowled^  of  ! 
meteorological  principles,  and  a  broad  baitis  for  prognostications. 
All  con eid orations  sustain  the  decision  that  the  head  of  the  depart- 
ment should  be  a  man  of  meteorological  and  physical  science, 
accustomed  to  scientific  work,  and,  a^  the  same  time,  one  of  targe 
executive  experience  and  success. 

G.  F.  Matthew.  Fauna  of  the  St  Jolin  Group,  No.  3.  Traos.  Roy.  Soc.  Can., 
IBSb. 

Bulletin  of  ttie  Washburn  College  Laborator;,  Topeka,  Kansas,  toI  i.  Ko.  7. 
CootaiuB  descriptioiiB  of  freHb-water  molluaka  bj  R.  \i.  Gall  ^d  notes  on  Bshci     ' 
by  C.  H.  Gilliort.  ; 

BulletiD  of  ihe  Buffalo  Soc.  Nat.  Sci..  vol.  v.  No.  2.  Conlains  papers  on  th«  ' 
fossil  fishes  of  the  Genesee.  Portage  and  Black  Shales,  by  H.  U.  Williams;  and  - 
on  tiie  Qshea  of  the  CorDiferous.  by  tlio  same  end  F.  K.  Mixer,  and  other  papers.       ^ 

Catalogue  of  Poaail  Uammalia  of  the  British  Museum,  Part  3,  by  B.  Lyddekker. 
Contains  catalogue  with  notes  of  the  Ungulate,  suborders  Perisiodactyla,  T»io-     - 
doDtia,  Condylarthra  and  Ambljpoda,  with  some  Bp-ures. 

The  Geology  of  Long  island,  by  F.  J.  H.  Merrill,  24  pp.  Bvo.  with  2  p^M^% 
(Ann.  K.  Y.  Acad.  Bci.,  ul  Nob.  II,  12,  13R6).  A  valuable  contribution  to  Amer- 
ican geology. 

FotiU  Inaecb. — Bulledn  No.  31  of  the  TJ.  S.  Geological  Survey  containa  a  sys- 
tematic review  of  our  present  knowledge  of  Fossil  Insects,  iucluding  Myriapodt 
and  Arachnids,  by  Mr.  S,  H.  Scudder. 

OBITUARY. 

Professor  £.  L.  Youmans,  of  Mew  York,  died  on  the  eighteenth 
of  January,  in  his  67th  year.     He  had  long  been  active  and  suc- 
oessfnl  in  the  work  of  extending  a  knowledge  of  scientific  truths 
and  principles  among  the  general  public.     Hin  published  works 
include  a  Class  Book  of  Chemistry  (1852) ;  Alcohol  and  the  Oon- 
atituiion  of  Man  (1853);  Chemical  Atlas  (1856);  Hand-book  of 
Household  Science  (1857);  and  some  others.     He  planned  the  well 
known  International  Scientific  Series,  begun  in  1871  iind  of  which 
fifty-seven  volumct^  have  now  been  issued.    He  also  established  th« 
Popular  Science  Monthly  in  1872,  nf  which  lie  remained  the  chief 
editor,    A  compilation  of  essay  son  the  Conservation  of  Energy  and^  J 
the  Correlation  of  Forces,  to  which  he  added  an  IntroduotitHkj^ 
was   prepared    by  him    in    1«64.     He  was  also    instrumental' 1|-^ 
extending  a  knowledge  of  the  writings  of  Sni^ncer,  Tyiidnll  h"     ~ 
Huxley  in  this  country,  n    ■         ■         ■       —  "-'     "- 

Appieton,  and   in   other 
van  cement  of  science. 

Selwtn  L.  Haruinc!, 
the  first  number  of  this  \ 
days  illness.  The  past 
degree  of  A.B,,  summti  c 
at  the  time  of  his  death  1 
cal  Engineering  in  the  Ma) 

Theodor  ton   Offolkeb,  Uw  I 
Vienna  on  the  2eth  of  Decemb^  ^ 
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Abt.  XX. — On  the  Absolute  Wave-length  of  Light;  By  L0UI8 
Bell,  Fellow  in  Physics  in  Johns  Hopkins  University. 

Up  to  the  present  time,  Angstrom's  map  of  the  solar  spectrum 
and  with  it  his  determination  of  absolute  wave  length,  has  re- 
mained the  final  standard  of  reference  in  all  spectroscopic  mat- 
ters. But  since  Angstrom's  work  was  published,  optical  science, 
particularly  that  part  of  it  which  deals  with  the  manufacture  and 
use  of  diffraction  gratings,  has  made  enormous  progress.  It  is 
now  possible  with  the  concave  grating  to  measure  relative  wave- 
lengths with  an  accuracy  far  greater  than  can  be  claimed  for 
any  one  of  the  absolute  determinations.  The  numbers  given  by 
Angstrom  are  now  known  to  be  too  small  by  as  much  as  one 
part  in  seven  or  eight  thousand,  as  has  been  shown  by  Thal^n 
in  his  monograph  "Sur  le  spectre  du  Fer,'*  and  since  Ang- 
strom's work  but  one  careful  determination  has  been  made. 
This  is  by  Mr.  C.  S.  Peirce  and  was  undertaken  some  eight 
years  since  for  the  U.  S.  Coast  and  Geodetic  Survey.  No  full 
report  of  this  work  has  as  yet  been  published,  though  it  is 
evidently  very  careful  and  has  already  consumed  several  years. 
Certain  results  were  communicated  to  Prof.  Rowland  of  this 
University  to  serve  as  a  standard  of  reference  for  his  great  map 
of  the  solar  spectrum  now  nearly  completed,  and  it  was  to  serve 
as  a  check  on  these  results  and  to  furnish  a  value  of  the  abso- 
lute wave  length  as  nearly  as  possible  commensurate  in  accu- 
racy with  the  micrometrical  observations,  that  the  experiments 
detailed  in  the  present  paper  were  undertaken.     Only  the  work 
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with  glass  gratings  has  been  as  yet  completed,  but  since  t^^ 
relative  wave  lengths,  which  are  intrinsically  of  far  greater  itX^' 
portance,  are  now  ready  for  publication  and  have  been  reduc^^ 
by  the  value  herein  given,  the  result  is  published,  leavifj^ 
for  further  work  with  speculum  metal  gratings,  its  final  cox^* 
firmation  or  correction. 

This  portion  of  the  determination  is  delayed  awaiting  bett^* 
facilities  for  carrying  it  out,  but  the  writer  intends  undertaking 
it  at  the  earliest  possible  moment  and  hence  leaves  for  a  futur^ 
paper  the  complete  discussion  of  the  problem. 

The  writer  desires  here  to  express  his  deep  obligations  t-^^ 
Prof.    Rowland,    under    whose   guidance   the   work  has  bee 
carried  on  and  to  whom  a  very  important  correction  is  du€ 
and  to  Profs.  W.  A.  Rogers  and  C.  S.  Peirce  for  informaiio 
given  and  courtesies  extended. 

Experimental. 

The   determination   of  absolute   wave-length    involves  t^ 
quite   distinct   problems — first,  the  exact  measurement  of  tkrzat 
angle  of  deviation  of  the  ray  investigated,  and  second,  the  meai^-s 
urement  of  the  absolute  length  of  the  gratings  used.    Each  pc*-  r- 
tion  of  the  work  involves  its  own  set  of  corrections,  frequent- ^3? 
quite  complicated  and  difficult,  but  it  is  the  latter  part  that       is 
peculiarly  liable  to  errors,  which  will  be  treated  in  detail  fiim  r- 
ther  on.     As  to  the  former  part,  several  important  questio 
arise  at  the  very  outset.     First  is  the  choice  between  transnm 
sion    and   reflection  gratings.     The  principal  work  heretof€i>re 
has  been  done  with  the  former,  but  metallic  gratings  possess 
certain   advantages,  notably  from   the   ease  with  which  th&^ 
temperature  can  be  accurately  measured,  and  the  fact  that  tti^y 
can  easily  be  made  of  a  size  much  larger  ihan  glass  grating^j 
and  consequently  a  small  inaccuracy  in  measuring  them  involves 
much  less  error  in  the  result. 

On  the  other  hand  the  coefficient  of  expansion  of  speculuco 
metal  is  more  than  twice  as  great  as  that  of  glass,  and  being    ^ 
good  conductor  it  is  far  more  sensitive  to  small  changes  of  tern* 
perature.     And  this  property  increases  the  liability  to  irreg"^' 
larities  in  the  ruling,  particularly  in  large  gratings  which  require 
several  days  for  completion.     In  ruling  on  glass  change  of  tem- 
perature is  less  serious  but  this  advantage  is  more  than  offs^^ 
by  the  faults  caused  by  the   wearing   away   of   the  diamo^^^ 
point,  which  breaks  down  so  rapidly  that  it  is  enormously  diffi' 
cult  to  produce  a  glass  grating  free  from  flaws  and  at  all  coru* 
parable  in  optical  excellence  with  those  upon  speculum  metal- 
The  determination  of  absolute  wave-length  should  rest  on  m^^' 
urements  made  with  both  classes,  and  with  sufficiently  e^^^ 
instruments  and  very  careful  experimentation,  the  better  resti-l^ 
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probably  be  obtained  from  the  metallic  gratings.  For  the 
ions  previously  stated,  this  paper  is  confined  to  the  results 
n  glass  ones. 

Tow  there  are.  two  quite  distinct  ways  of  using  transmission 
iings — first,  perpendicular,  or  nearly  so,  to  colliraating  or 
3rving  telescope ;  and  second,  in  the  position  of  minimum 
iation.  The  method  in  the  first  case  is  familiar— the  proper- 
of  the  second  are  as  follows  : 

^he  general  relation  between  the  incident  and  the  diffracted 
is: 

sm  I  +  sm  (a  —  ^)  =  — . 

len  1=0^,  this  gives  the  ordinary  formula  for- normal  inci- 
ice.     Putting  it  in  the  form— 

,        2(a)    .6        ,.      c^x 
A  =  — ^—   sm  -  cos  (i  —  -), 

(deviation  represented  by  the  angular  term  will  evidently  be  a 
Qimum  when  t=-  and  the  wave-length  will  then  be  given  by 

J  formula 

1       2(a)   .    6 
A  =  -^— '  sm  -. 

9  m  2 

tt  is  not  easy  to  say  which  method  of  procedure  is  preferable, 
t  on  the  whole  the  ordinary  plan  of  normal  incidence  oflfers 
'er  experimental  diflBculties  and  therefore  was  adopted,  par- 
Jlarly  as  the  spectrometer  used  was  specially  well  suited  to 
t  method.  It  is  quite  certain  that  either  method  will  with 
»[>er  care  give  the  angular  deviation  with  a  degree  of  exact- 
s  far  surpassing  that  attainable  in  the  measurement  of  the 
tings. 

The  Spectrometer. 

^his  was  a  large  and  solid  instrument  by  Meyerstein  with  a 
le  on  silver  32'^°'  in  diameter  divided  to  tenths  of  a  degree. 
5  is  read  by  two  micrometer  microscopes  180^  apart.  The 
!h  of  the  micrometer  screws  is  such  that  one  turn  equals 
ut  2',  and  as  the  head  is  divided  into  sixty  parts  each  of 
3e  represents  2''.  The  micrometer  can,  however,  be  set  with 
•ainty  to  less  than  half  this  amount.  The  collimating  and 
erving  telescopes  are  of  4*™  clear  aperture  and  35*^°*  focal 
jth  and  the  lenses  are  well  corrected.  The  collimator  is 
id  to  the  massive  arms  which  carry  the  reading  microscopes 
ile  the  observing  telescope  is  attached  to  a  collar  on  the  axis 
•he  main  circle  and  moves  f reply  upon  it  or  can  be  firmly 
naped  so  as  to  move  with  the  circle.     The  gralltig  \^  ^wt\^^ 
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on  aD  adjustable  platform  with  a  circle  12*5^  in  diametei 
divided  to  30'  by  verniers  to  1'  and  moving  either  upon  or  wit 
the  large  circle. 

This  arrangement  of  parts  does  not  admit  of  fixing  the  gral 
ingrigidlv  normal  to  the  collimator,  so  in  all  the  experiment 
it  was  placed  normal  to  the  observing  telescope,  a  positioi 
which  was  particularly  advantageous  in  the  matter  of  adjosi 
ment.  The  instrument  was  set  up  in  a  southern  room  in  th 
physcial  laboratory  and  throughout  the  experiments  the  colL 
mator  pointed  about  south-southeast.  With  the  eyepiece  use 
the  observing  telescope  had  a  power  of  very  nearly  sixtes 
diameters. 

Gratings. 

Very  few  glass  gratings  have  ever  ,been  ruled  on  Prof.  Ro^ 
land's  engine,  since  for  most  purposes  they  are  much  inferior 
the  metallic  ones,  and  are  very  much  more  diflScult  to  rule, 
they  run  great  risk  of  being  spoiled  by  the  breaking  dov 
of  the  diamond  point.  A  very  few,  however,  were  ruled  in  18^ 
with  special  reference  to  wave-length  determination,  and 
these  the  two  best  were  available  for  these  experiments.  Tb< 
are  both  ruled  upon  plane  sextant  mirrors,  and  are  of  vei 
nearly  the  same  size — thirty  millimeters  long,  with  lines  « 
about  nineteen  millimeters.  Each  hundredth  line  is  longer,  an 
each  fiftieth  line  shorter  than  the  resi,  so  that  the  gratings  ai 
very  easy  to  examine  in  detail.  The  ruling  of  both  is  smoot 
and  firm,  without  breaks  or  accidental  irregularities  and  almoi 
without  flaws.  They  were  ruled  at  different  temperature 
and  on  different  parts  of  the  screw,  and  while  one  was  rule^ 
with  the  ordinary  arrangement  of  the  engine,  the  otbe 
was  ruled  lo  a  very  different  space  by  means  of  a  tangeo 
screw.  This  great  diversity  of  conditions  in  the  two  gratings  i 
far  from  favoring  a  close  agreement  in  the  results,  but  tends  ^ 
eliminate  constant  errors  due  to  the  dividing  engine,  and  hencs 
to  increase  the  value  of  the  average  result  It  must  be  remer^ 
bered  that  two  gratings  ruled  on  the  same  part  of  the  screw  a^ 
in  most  respects  little  better  than  ona  The  grating  designate 
I  in  this  paper  contains  12,100  spaces,  at  the  rate  of  very  nearJ 
400  to  the  millimeter,  and  was  ruled  (by  tangent  screw)  ^ 
a  temperature  of  6*^*7  C.  in  January,  1884.  It  gives  excelle"* 
definition  with  almost  exactly  the  same  focus  for  the  spectra  cz 
either  side,  and  is  quite  free  from  ghosts  or  other  simil  ' 
defects. 

The  grating  designated  II  has  8,600  spaces,  at  the  rate 
about  7,200  to  the  inch,  and  was  ruled  in  November,  1884, 
11°'6  C.  Its  definition  and  focussing  are  very  nearly  as  good 
\n  I  and  like  it,  it  shows  no  trace  of  ghosts  or  false  lines;  tl»> 
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both  exquisite  specimens  of  the  work  which  Prof.  Bowland's 
er:i^De  .is  capable  of  doing,  though  as  the  event  showed,  I  is 
ic'cidedly  the  better  grating,  in  the  matter  of  regularity  of  ruling. 

Angular  Measubbmbnts. 

At  the  beginning  of  the  work  a  serious  question  of  adjustment 
arose.  There  are  two  ways  of  using  a  grating  perpendicular  to 
Doe  of  the  telescopes.  In  the  first  place  it  may  be  placed  and 
kept  accurately  in  that  position,  and  secondly  it  may  be  placed 
nearly  in  the  position  for  normal  incidence,  and  the  error  meas- 
ured and  corrected  for.  Angstrom  used  the  latter  method,  which 
involved  a  measurement  on  the  direct  image  of  the  slit  as  well 
as  on  the  lines  observed.  Using  Angstrom's  notation — let  a  and 
^  be  the  readings  on  the  spectra,  and  M  that  on  the  slit.  Let, 
also, 

flf  +  flf'         «,  ,       01 — of 

— M  =  A     and    -*— —  =  <z?. 

2  2  ^ 

Then  if  y  is  the  angle  made  by  the  incident  ray  with  the  nor- 
'^al  to  the  grating,  and  N  the  order  of  spectrum, 

—  =  cos  \y->r6)  sm  (p ; 

c 

^Iso  sin  Y  =  8in  (;/  +  a)  cos  ^,       • 

*iid  tan  V  =  :; — —  A.     But  from  the  second  of 

'         1  —  cos  (p 

the  above  equations, 

.         sin;/ 

'        '        cos  q) 

^ow  it  was  found  that  with  the  collimating  eyepiece  belonging 

t^  the  spectrometer,  y  would  never  exceed  and  seldom  reach 

^^'\  while  the  angles  of  deviation  observed  were  about  45°. 

Substituting   these   values   in    the    last   equation,    it  at  once 

appeared  that  the  cosine  of  (;'+^)  was  a  quantity  differing  from 

^nity  by  considerably  less  than  one  part  in  a  million,  and  hence 

entirely  negligible.     Further,  it  was  found  that  the  grating  once 

set  could  be  trusted  to  remain  perpendicular  through  a  series  of 

ineasnrements,  and  though  at  the  end  of  each  series  the  grating 

^as  adjusted  to  a  new  part  of  the  circle,  and  a  close  watch  was 

kept  for  its  sh'pping  out  of  adjustment,    it  was  never   found 

necessary  to  reject  a  series  from  that  cause. 

The  grating  was  centered  and  adjusted  with  reference  to  the 
^fcles  and  their  axes  bv  the  ordinary  methods.  Throughout 
^he  experiments  the  light  was  concentrated  on  the  slit  by  an 
J^hromatic  lens  of  about  half  a  meter  focus,  which  was  placed 
^hind  a  sheet  of  deep  yellow  glass,  which  served  lo  exxX.  o5l  \Jckft 
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overlapping  blue  rays  which    might   otherwise  have  prov 
troublesome.     A  heliostat  enabled  the  sun's  image  to  be  k^  j>f 
centrally  upon  the  slit 

The  method  of  observation  was  as  follows:  When  instrum^ne 
and  grating  were  in  exact  adjustment,  readings  were  taken  on  X)^ 
in  the  spectra  on  either  side  of  the  slit,  and  the  angle  measured 
from  three  to  six  times  in  rapid  succession,  the  last  reading 
being  of  course  on  the  same  side  as  the  first. 

Then  the  grating   was  rotated  about  ten  d^rees,  readjusted » 
and  the  process  repeated. 

The  angles  observed  in  one  series  were  combined  to  eliminate 
errors  of  setting,  while  the  use  of  all  portions  of  the  circle  serve 
to  correct  errors  of  subdivision,  sinct;  the  number  of  indepeiu 
dent  series  of  observations  was  quite  large. 

To  eliminate  any  errors  which  might  be  due  to  imperfection 
of  figure  in  the  gratings  they  were  used  in  all  the  four  possible 

J  positions.  No  such  error,  however,  became  apparent  eith< 
rom  critical  examination  of  the  gratings  themselves,  or  froi 
the  results  obtained  in  the  different  positions. 

Observations  with  grating  I  were  begun  late  in  October,  1881 
and  occupied  the  clear  days  for  a  month.  Forty-eight  series 
measurements  were  made,  and  the  agreement  between  them  wi 
very  satisfactory.  After  correcting  for  temperature,  thirty-si 
of  the  number  fpll  within  a  range  of  three  seconds  and  the  n 
were  clustered  closely  about  them.  Observations  on  the  varioi 
davs  were  as  follows : 


Oct. 


No^ 


Number  of 

Date. 

Series. 

Angle. 

19 

1 

45*  1'  47'-2 

20 

I 

45°   1'  48''-4 

22 

2 

46"   r  48''-2 

23 

1 

46**   1'  49'-8; 

26 

4 

45'*   1'  49'-3 

27 

3 

45°    1'  48' -2 

31 

1 

45°   I'  60''1 

3 

1 

45°   1'   48'.6 

4 

3 

45°   I'  47'-4 

5 

2 

45'   1'  47''-9 

10 

4 

45°   1'  47'-8 

11 

6 

45'  1'  49'-7 

16 

8 

45°   1'  48''-2 

17 

5 

45°   1'  47''-5 

20 

6 

45°   1'  47'-5 

s 


All  the  above  were  in  the  third  spectrum  to  which  measu 
ments  were  in  the  main  confined  as  in  it  the  definition 
particularly  good,  and  it  being  the  highest  order  which  could  L^^® 
conveniently  observed,  an  error  in  the  angle  would  producet 


■jse 
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minimam  effect.     The  speotra  on  both  sides  of  the  slit  were 
about  equal  in  brilliancy  and  definition. 

The  observations  were  weighted  as  nearly  as  possible  accord- 
iDg  to  the  favorable  or  unfavorable  conditions  under  which 
they  were  made,  and  when  finally  combined  gave  as  the  value  of 
the  angle  of  deviation  for  grating  I, 

^=45°  1'  48'-24±:0'-ll. 

The  above  probable  error  is  equivalent  to  a  little  less  than 
one  part  in  a  million  and  can  introduce  no  sensible  error  into 
the  resulting  wave  length. 

Other  work  intervened  and  the  measurements  with  grating 
II  were  not  taken  up  until  early  in  the  succeeding  March. 
Precisely  the  same  method  of  observation  was  employed  and 
the  results  were  nearly  as  consistent  and  satisfactory. 

The  observations  by  days  were  as  follows : 


Date,  1886. 

Number  of  Series. 

Angle. 

March    6 

2 

42' 

6'        ^'2 

10 

1 

42° 

4'     69^-6 

11 

7 

42° 

5'        r-4 

15 

1 

42° 

5'        4'-0 

16 

6 

42** 

4'     57'-8 

17 

G 

42° 

4'     b^'-b 

18 

7 

42* 

4'     59'-l 

23 

6 

42° 

4'     58'-3 

i 


!▼  hen  collected  thus  by  days  the  observations  do  not  appear 

.^  ^gree  nearly  as  well  as  those  made  with  grating  I,  particu- 

rp^y  since  a  solitary  wild  reading,  that  of  March  15,  is  retained. 

-^®  distribution  of  the  various  readings,  however,  is  such  that 

\  ^^r  weighing  and  combining  the  final  result  is  by  no  means 

^^^oient  in  accuracy.     It  is, 

^=  42°  4'  59'-28±0'-2 

j-^      t^he  above  probable  error  amounts  to  about  one  part  in  six 
^^r^dred  thousand.     The  observations  with  grating  11   were 

^^ormly  in  the  fourth  order  of  spectrum. 

^^  T^hroughout  the  measurements  with  both  gratings  the  temper- 

-^^^^e  was  kept  within  a  few  degrees.    20°  C  had  been  selected 

tK   ^^®  standard  temperature  and  the  variation  was  rarely  more 

-^,    ^n  two  or  three  degrees  on  either  side  of  that  figure.     The 

^P  ^JStion  of  temperature  determination  is  a  serious  one  m  case 

tV*    Rlass  gratings,  for  it  is  very  hard  to  tell  what  heating  eflFect 

^^    incident  beam  has  on   the  grating,   and   equally  hard   to 

/J^^^sure  that  effect.     It  is  hardly  safe  without  extraordinary 

^^^cautions  to  assume  that  the  grating  has  the  same  tempera- 

^i^  as  the  kir  near,  and  it  is  such  a  bad  conductor  that  it 

^OiUd  DOt  easilj  aasame  the  temperature  of  the  apparatus.     In 
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these  experiments  a  sort  of  compromise  was  effected.  A  small 
thermometer  was  attached  to  the  thin  metallic  slip  that  held 
the  edge  of  the  grating,  and  shielded  by  cotton  from  air  cur« 
rents  which  of  course  would  affect  it  much  more  than  they 
would  the  grating.  The  thermometer  was  a  small  Fahrenheit 
graduated  to  quarter  degrees  and  quite  sensitive.  It  was  care- 
fully compared,  throughout  the  range  of  temperatures  em- 
ployed, with  thermometer  Baudin  7312,  which  served  as  a 
standard  in  all  the  measurements  regular  and  linear,  and  during 
part  of  the  time  was  placed  directly  over  the  grating  to  give  a 
check  on  the  attached  thermometer.  This  expedient  was  finally 
abandoned  as  unlikely  to  help  the  matter  much. 

The  corrections  for  temperature  were  deduced  from  the 
assumed  coefficient  of  expansion  of  glass,  which  was  taken  as 
0'0000085.  This  was  reduced  to  angular  correction  for  the 
approximate  value  of  (p  and  applied  directly  to  the  observed 
angles.  Since  the  temperatures  at  which  observations  were 
made  varied  little  from  20°  C.  and  were  quite  equally  distribu- 
ted on  both  sides  of  that  figure  any  error  in  the  assumed  coeffi- 
cient would  hardly  affect  the  average  result,  but  would  appear, 
if  at  all,  as  a  slight  increase  in  the  probable  error. 

ygQinm  (reduced)  was  taken  as  standard  pressure  and  the 
values  for  the  days  of  observation  were  taken  from  the  U.  S. 
Signal  Service  observations  for  the  hours  of  11  A.  K.  and  3  p.  M. 
on  those  days.  The  average  for  the  measurements  made  with 
grating  I  was  761"°*,  and  for  those  with  grating  II  760™  so 
that  corrections  for  pressure  were  uncalled  for. 

The  effect  of  the  velocity  of  the  apparatus  through  space  is 
a  subject  concerning  which  there  has  been  much  discussion. 
Angstrom  deduced  a  correction,  but  van  der  Willigen  in;  quite 
a  lengthy  discussion  of  the  whole  matter  came  to  the  conclu- 
sion that  there  was  no  error  due  to  the  above  cause.  Since 
that  period  the  question  has  been  raised  from  time  to  time,  but 
no  decisive  investigations  on  the  subject  have  yet  been  pub- 
lished. At  present  however  it  seems  to  be  tolerably  well  set- 
tled that  no  correction  is  needed,  as  the  error,  if  there  be  any, 
is  of  an  order  of  magnitude  entirely  negligible,  and  in  the 
present  paper  none  has  been  applied. 

The  angular  measurements,  after  all  corrections  were  applied, 
may  thns   be   regarded   as  determined  with  a  high   degree  of 
accuracy — most  probably  to  less  than  one  part  in  half  a  million. 

^Measurement  op  the  Gratings. 

The  exact  determination  of  the  grating  space  is  by  far  the 
most  difficult  portion  of  a  research  on  absolute  wave  length, 
and  •  has  been  uniformly  the  most  fruitful  source  of    errors. 
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les  the  experimental  difficulties  of  the  task,  it  is  far  from 
asy  matter  to  secure  proper  standards  of  length.  The 
lards  used  in  various  former  investigations  have  proved  to 
3.  error,  sometimes  by  a  very  considerable  amount,  and 
3d  very  few  of  the  older  standards  are  above  suspicion. 
Peirce  has  very  justly  remarked  in  connection  with  this 
3Ct,  "  All  exact  measures  of  length  made  now  must  wait 
heir  final  correction  until  the  establishment  of  the  new 
ic  prototype."  Short  standards  of  length  are  in  some 
5Cts  peculiarly  liable  to  error,  since  they  must  be  compared 
the  subdivisions  (often  not  sufficiently  well  determined) 
^condary  standards,  and  small  sources  of  uncertainty  such 
>or  defining  lines,  slight  changes  in  the  apparatus  and  the 
of  course  are  much  more  serious  as  the  length  is  less. 
>rtunately  there  were  available  for  the  measurement  of  the 
ngs  two  standard  double  decimeters  which  have  been  de- 
ined  with  almost  unprecedented  care  by  Professor  W.  A. 
^rs.  They  are  upon  speculum  metal ;  were  graduated  and 
rmined  by  Professor  Kogers  early  in  1885  and  were  pur- 
5d  by  the  university  late  in  the  same  year.  They  are  desig- 
i  respectively  S^  and  S,  and  are  discussed  at  length  in  the 
eedings  of  the  American  Society  of  Microscopists  for  1885. 
le  bar  S^  is  23"°  in  length.  Near  one  edge  is  the  double 
neter  Sj  divided  to  centimeters,  the  5*^  lines  being  triple. 
3  27°°  in  length  and  graduated  in  the  same  way.  The 
ling  lines  in  both  are  fine  and  sharp  and  the  surfaces  are 
rately  plane.  They  are  standard  at  16°'67  C.  and  from  an 
)rate  series  of  comparisons  with  four  different  standards 
coefficient  of  expansion  was  found  to  be, 

17*946  /i  per  meter  per  degree  C. 

od  Sj  depend  for  their  accuracy  on  a  long  series  of  inde- 
ent  comparisons  with  Professor  Rogers*  bronze  yard  and 
r  R,  and  steel  standards  whose  relation  to  Rg  was  very 
tly  known.  Rg  has  been  determined  by  elaborate  com- 
ons  with  various  standard  meters  and  yards,  and  is  de- 
ed and  discussed  at  length  in  the  Proceedings  of  the 
irican  Academy,  vol.  xviii.  The  length  of  the  meter  was 
•mined  both  directly  and  through  the  yard,  by  comparison 
the  following  standards  : 

The  meter  designated  T,  copper  with  platinum  plugs,  traced 
stajidardized  by  Tresca  in  1 880  from  the  Conservatoire  line 
e  No.  19,  which  bears  a  very  exactly  known  relation  to  the 
•e  des  Archives. 

The  yard  and  meter  designated  C.   S.,  brass  with  silver 
s,  belonging  to  the  Stevens  Institute.     The  yard  was  com-  • 
d  with  the  Imperial  Yard  in  1880  so  that  it  is  directly  and 
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exactly  known.  It  was  afterwards  sent  to  Breteail  and  the  m 
was  determined  with  great  exactness  by  elaborate  conipart 
with  type  I  of  the  International  Bureau  of  Weights  and  Measi 
III.  *' Bronze  11"  a  primary  copy  of  the  Imperial  Yard 
sented  to  the  Dnited  States  in  1850.  It  was  taken  to  Englan 
1878  and  finally  determined  by  direct  comparison  with  the 
penal  Yard,  Bronze  Yard  No.  6,  and  Cast  Iron  Yards  B  No 
and  C  No.  63. 

The  subdivisions  of  B^  have  been  determined  with  very  g 
care,  and  thus  S^  and  S^,  whose  lengths  relative  to  B,  are  a 
rately  known,  may  finally  be  referred  to  the  ultimate  stand 
Type  I  of  the  International  Bureau. 

Only  the  5*"  spaces  of  S*  and  S^  were  investigated  by  I 
Bogers,  but  these  were  determined  by  various  methods  ui 
widely  different  conditions,  and  their  relations  to  the  stand; 
with  which  they  were  compared  may  be  regarded  as  defini 
known.  From  a  combination  of  all  results  the  subdivision: 
S^  have  the  following  lengths  at  the  standard  temperature. 

Standard  S*  =  199-99918™ 
<»"',  S;  =  99-99995 
**™,  S-=  99-99923 
6^°\  S*i=  50-00010 
5<^",  S;  =  49-99985 
5^",  S*  =  49-99901 
5^"\  S'j  =   50-00022 

Similarly  the  following  values  were  derived  for  Sg. 

Standard  S;  =  199-99968"''" 

*'"\  S'^gr^  1 00  00001 

d'"^  S-J:::  99*99967 
5^"^,  S;=  50-00020 
6''",  8;=  49-90981 
5<^"',  S;=  49-999.31 
5<^"\  S*,=   50-00042 

As  to  the  degree  of  accuracy  attained  in  determining  S*  ; 
Sj,  Prof.  Rogers  says  that  including  all  sources  of  uncertJ 
either  standard  may  have  an  error  of  ±0-3//,  but  the  mea 
the  two,  since  the  determinations  were  independent  ough 
be  even  more  reliable.  Taking  all  things  into  considerati( 
seems  very  improbable  that  the  mean  value  of  S"  and  S,  ca 
in  error  by  as  much  as  one  part  in  half  a  million. 

So  mucli  for  the  standards  of  length.     The  comparator  i 

in  the  measurements  was  a  very  efficient  instrument,  part 

larly  suited  for  the  purpose.     It  consisted  essentially  of  a  1 

.carriage  (J  meter)  running  on  V-sliaped  ways  and  carrying 

microscope.     This  carriage  slides  against  adjustable  stops. 
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is  pressed  against  them  with  perfect  aniformity  by  means  of 
weights.     An  adjustable  platform  below  carries  the  standards 
and  objects  to  be  measured.     The  ways  of  both  carriage  and 
platform  had  been  ground  till  they  were  perfectly  uniform  and 
troe  and  the  working  of  the  instrument  left  little  to  be  desired 
in  the  way  of  accuracy.     Throughout  a  long  series  of  measure- 
ments the  stops  would  not  be  displaced  by  so  much  as  0'1/u  if 
proper  care  were  used  in  moving  the  carriage.   The  microscope 
was  attached  so  firmly  as  to  avoid  all  shaking,  and  was  armed 
with  a  half-inch  objective  and  an  excellent  eyepiece  micrometer. 
The  objective  was  made  specially  for  micrometric  work  and 
Was  fitted  with  a  Tolles*  opaque  illuminator.     Measurements 
vi'ere  made  as  follows:    The  standard   bar,   and   the  grating 
niounted  on  a  polished  block  of  speculum  metal,  were  placed 
Bi^Q  by  side,— or  sometimes  end  to  end, — on  the  platform  and 
v^ery  accurately  leveled.     The  stops  were  set  very  nearly  three 
cemimeters  apart,  one  end  of  the  grating  brought  under  the 
nnicroscope  resting  against  one  of  the  stops,  and  the  micrometer 
sot  on  the  terminal  line.   Then  the  carriage  was  brought  against 
tta  ^  other  stop  and  the  micrometer  again  set.     The  same  process 
w^c^s  then  gone  through  with  on  three  centimeters  of  the  stand- 
airc3,  and  then  going  back  to  the  grating  it  was  compared  in  the 
scv  irziie  manner  with  succeeding  triple  centimeters  till  the  fifteen 
c^xitimeter  line  was  reached,  thus  eliminating  the  errors  of  the 
si  Tugle  centimeters  and  making  the  determination  rest  only  on 
1 1 :e  ^  fifteen  centimeter  line.     The  temperature  was  given  by  a 
\\^  ^rmometer  placed  against  the  standard  bar  or  the  block  that 
ctxrried  the  grating.     In  this  manner  each  grating  was  repeat- 
eci  1 J  compared  with  the  first  15  centimeters  of  each  bar,  at  or 
n^^r  20°,  the  temperature  at  which  the  gratings  had  been  used. 
T  ti  e  micrometer  constant  was  determined  by  measuring  tenths 
of    'nillimeters  ruled  on  Prof.  Rowland's  engine,  but  in  practice 
tl^e  stops  were  so  adjusted  that  it  was  almost  eliminated.    Each 
division  of  the  micrometer  head  equalled  0'28£i  and  the  proba- 
t>^e  error  of  setting  was  less  than  half  that  amount. 

-All  measurements  were  reduced  to  20°  C.  as  in  case  of  the 

^^^gular  determinations.     The  line  along  which  the  linear  meas- 

^^f.^  were  made  was  that  formed  by  the  tenui nations  of  the 

^^lings.     It  therefore  was  necessary  to  know  very  exactly  the 

ft^glebetween  this  line  and  the  direction  of  the  individual  rul- 

^^8^,  in  other  words  the  angle  between  the  line  of  motion  of  the 

gtating  and  the  direction  of  the  diamond  stroke  in  the  dividing 

^^gine.     This  was  ascertained  by  means  of  two  test  plates  each 

some  twelve  cm.  long  ruled  in  cms.  and  then  superimposed  line 

»or  line.     By  measuring  the  minute  distances  between  each  end 

of  a  pair  of  superimposed  lines,  the  length  of  the  lines  and  the 

amount  by  which  their  ends  overlapped  at  each  end  of  the  test 
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flate,  the  required  angle  could  be  deduced  with  great  exactner  .^ 
t  differed  so  little  from  90°  however,  that  the  correction  pi 
daced,  barely  one  part  in  a  million,  was  entirely  negligible 
After  all  reductions  and  corrections,  the  following  series 
values  were  obtained  for  the  grating  spaces  of  gratings  I 
II. 


Series. 

Grating  I. 

Standard. 

1 

000250023°™ 

s; 

2 

0-00250016 

3 

0-00250013 

(( 

4 

0-00250015 

(( 

5 

0-00250018 

(( 

6 

0-00250021 

S'l 

V 

0-00250023 

8 

0-00250023 

(( 

9 

000260023 

C( 

Mean  value  adopted  after  weighting  and  combining  the  abo've 
observations  was: 

0-002500194°»°»zfcl0 

The  probable  error  thus  appears  to  be  not  far  from  one  part  i 
two  hundred  and  fifty  thousand.     The  difference  in  the  resul' 
obtained  from  the  two  standards  seems  to  be  purely  accidenl^^ 
as  appears  from  the  measurements  on  grating  II. 


Series. 

Grating  II. 

Standard. 

1 

0-00361888°™ 

S'. 

2 

0-00351883 

(C 

3 

0-00351S85 

(C 

4 

0-00351886 

(( 

6 

0-00351883 

(( 

6 

0-00351893 

s; 

7 

0-00351888 

« 

8 

0-00351888 

•    a 

9 

0-00351888 

ti 

Mean  adopted,  0-003518870^10 

The  probable  error  appears  to  be  rather  less  than  in  t 
measurements  of  grating  I.  As  however  the  angular  det 
minations  made  with  I  are  the  better,  so  far  as  probable  err 
of  observation  are  concerned  the  result  from  the  two  gratin 
are  about  equal  in  value. 

Computing  now  the  wave-length  corresponding  to  the  giv 
values  of  (p  and  d  for  each  grating,  we  have  finally  for  the  wa 
length  of  D,  at  20°  C.  and  760'"™  pressure  : 

From  Grating    I   uncorrectcMl,  5896-11  tenth  meters. 
From  Grating  II  "  5895-95  " 
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The  difference  in  the  above  results  is  by  no  means  large  com- 
pared with  the  results  obtained  from  different  gratings  by  other 
investigators,  but  it  certainly  is  enormously  great  compared 
with  the  experimental  errors  alone. 

As  nearly  as  can  be  judged  these  ought  not  in  either  grating 
to  exceed  one  part  in  two  hundred  thousand,  while  the  above 
discrepancy  is  about  one  part  in  thirty-five  thousand. 

Its  cause  must  be  sought  in  the  individual  peculiarities  of 
the  gratings,  rather  than  in  the  method  of  using  them. 

All  gratings  are  subject  to  irregularities  of  ruling,  and  the 
effects  of  these  is  various,  according  to  the  nature  and  magni- 
tude of  the  defects.     Linear  or  periodic  errors  in  ruling,  unless 
very  small,  will  make  themselves  apparent  by  changing  the 
focus  of  the  spectra  or  producing  ghosts,  respectively ;  and  if 
such  errors  are  large,  render  the  grating  totally  unfit  for  exact 
measurement.    Accidental  errors,  such  as  a  Saw  or  break  in  the 
ruling,  are  also  serious,  but  are  easily  detected  and  may  be 
approximately  corrected,  as  was  done  by  Angstrom  in  the  case 
of  one  of  his  gratings.     Any  marked  and  extensive  irregulari- 
ties of  spacing  will  produce  bad  definition  or  false  lines,  and  in 
most  cases  both.     If,  then,  a  grating  on  microscopical  examina- 
tions is  free  from  flaws  and  on  the  spectrometer  gives  sharply 
defined  spectra,  alike  in  focus  and  free  from  ghosts,  it  is  safe  to 
conclude  that  it  is  tolerably  free  from  the  errors  above  men- 
tioned, but  unfortunately  there  is  one  fault  that  does  not  at 
once  become  visible,  while  it  introduces  a  very  serious  error  in 
the  measurements.     This  is  a  rather  sudden  change  in  the  grat- 
ing space  through  a  portion  of  the  grating,  usually  at  one  end. 
Such  an  error  is  usually  due  to  abnormal  running  of  the  screw 
when  the  dividing  engine  is  first  started,  and  may  in  this  case 
be  avoided   by  letting  the  engine  run   for  some  time  before 
beginning  to  rule.     Thus  Grating  I,  ruled  with  this  precaution, 
is  nearly  free  from  this  error.     Sometimes,  however,  it  is  the 
terminal  or  an  intermediate  portion  of  the  crating  that  is  thus 
affected  in  which  case  the  error  may  be  due  to  a  change  of  tem- 
perature or  to  a  fault  in  the  screw.     If  an  error  of  this  kind  is 
extensive,  it  will  produce  the  effect  of  two  contiguous  gratings 
of  different  grating  space,  injuring  the  definition  and  widening 
pr  reduplicating  the  lines-    When,  however,  the  abnormal  spac- 
ing is  confined  to  a  few  hundred   lines  it  produces  no  visible 
effect  when   the  whole  grating  is  used,  but  simply  diffuses  a 
fioiall  portion  of  the  light  and  increases  or  decreases  the  average 
grating  space.     For  it  is  evident  that  such  a  portion  of  the 
gating  must  possess  little  brilliancy  and  less  resolving  power, 
^nd  the  more  its  spacing  differs  from  that  of  the  rest  of  the 
grating,  the  less  chance  of  visible  effect  and  the  greater  error 
mtroduced.      Such  a   fault   is  compatible   with   the  sharpest 
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definition,  but  can  be  detected  by  cutting  down  the  aperti 
the  grating  till  the  spectrum  from  the  abnormal  porti 
relatively  bright  and  aistinct  enough  to  be  seen.  The  efi* 
grating  space,  producing,  the  spectra  on  which  measi^i 
are  made  is,  of  course,  that  of  the  normal  portion  only, 
the  gratings  used  in  these  exf)eriment8  were  affected  b 
above  error,  No.  I,  very  slightly,  No.  II,  somewhat  more 
ously.  Not  only  the  discrepancies  between  different  gra 
but  those  between  different  orders  of  spectra  in  the  same 
ing  are  due  to  this  cause.  For  while  in  one  order,  whei 
effect  due  to  the  abnormal  portion  is  imperceptible,  the 
trum  as  measured  is  produced  by  the  effective  grating 
alone,  in  another  order  there  may  be  produced  a  slight  sh 
off  of  the  lines  so  that  their  apparent  centers  may  corr« 
approximately  to  the  average  grating  space.  In  any  case 
quite  clear  that  a  combination  of  the  results  from  difl 
orders  of  spectra  will  not  eliminate  the  error. 

The  remedy  lies  either  in  stopping  out  the  imperfect  pc 
of  the  grating,  or  measuring  it  and  introducing  a  corre 
As  the  work  of  angular  measurements  was  nearly  finished  l 
the  study  of  the  gratings  was  begun  owing  to  a  delay  in«g< 
apparatus,  the  latter  course  was  adopted  in  these  experin 
Each  grating  was  examined  in  detail,  and  the  relation  o 
grating  spaces  in  the  various  portions  of  it  carefully  < 
mined.  From  these  data  a  simple  graphical  method  gav 
correction  to  be  applied  to  the  wave  length.  In  each  gr 
the  fault  was  confined  to  a  small  portion,  and  as  the  ore 
spectrum  employed  in  each  was  selected  on  account  of  its 
definition  and  freedom  from  anything  like  haziness  or  sh; 
of  the  lines,  it  seems  safe  to  assume  that  the  abnormal  pc 
produced  no  visible  effect  and  that  consequently  the  corre 
above  mentioned  counteracts  the  error  quite  effectually 
grating  I  the  correction  was  one  part  in  300,000,  and  in  gr 
II  one  part  in  60,000.  Applying  these  to  the  wave  lengtl 
have  for  grating  I,  * 

Wave  IcMigth 5896*11 

Correction   .*- .        —  -02 

Corrected  w.  1 .' 5e96-(>9 

And  for  grating  II,  ? 


Wave  length 5895*95 

Correction +*10 

Corrected  w.  1 5896*05 

Combining  these  and  giving  to  Grating  I  the  greater  w 
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on  account  of  its  very  small  error  of  ruling,  we  have  fina 
the  wave  length  of  D,  at  20**  C.  and  760*°"*  pressure, 

5896*08  or  in  vacuo^  6897-71 

It  is  no  easy  matter  to  give  any  well  founded  estimate 
probable  error  of  the  above  result.  So  far  as  experii 
errors  are  concerned  the  result  with  either  grating  shoi 
correct  to  one  part  in  two  hundred  and  fifty  thousam 
the  error  in  the  gratings  introduces  a  complication  by  no 
easy  to  estimate.  As  nearly  as  the  writer  can  judge,  ho 
it  seems  probable  that  the  error  of  the  final  result  dc 
exceed  one  part  in  two  hundred  thousand.  For  cornpj 
the  values  deduced  from  the  work  of  Peirce  and  of  An§ 
«re  subjoined. 

AKcrometer  measure  by  Rowland,  from  Peirce's  prelimi- 
nary result ---  6 

Tfaalen's  correction  of  Angstrdm 5 

both  being  in  air  at  ordinary  temperature  and  760™™. 

As  neither  result  was  corrected  for  errors  in  the  gratin 
cause  of  the  discrepancy  is  obvious. 

Two  determinations  of  absolute  wave  length  have  beei 
Haied  since  this  work  was  undertaken  by  the  writer.     Oi 
^exy  elaborate  one  by  Miiller  and  Kempf,  who  employe 
^i*sitings  by  Wanschaff  and  used  the  method  of  minimum 
^*c>n.    Their  results  were  as  follows: 


ating (2161) 

ave  length. . .     689646 


(5001) 
5896-14 


(8001) 
6895-97 


( 
5 


IBy  a  correction   founded  on  the  unwarrantable  assun 
tti  ^t  the  mean  value  was  correct  the  above   results  are  bi 


12 

a 

u 


apparent  agreement.  Notliing,  however,  short  of  a 
^^  detail  of  each  grating  can  furnish  data  for  obtainiuj 
^*^  %ng  like  an  accurate  result  from  the  above  figures.  It 
®^^m  that  (5001);  which  had  the  smallest  probable  error,  t 
^^ow  but  a  trifling  error  of  ruling,  while  one  would  exp 
"  ^*^d  a  portion  or  portions  of  (2151),  in  which  the  grating 
abnormally  large.  Corresponding  errors  of  ruling  s 
pear  in  (8001)  and  (80014).  A  similar  study  of  the  gi 
^d  by  Angstrom  would  be  of  no  little  interest 
"The  other  determination  alluded  to  is  one  by  M.  de  L^ 
^^  ing  a  quartz  plate  and  Talbot's  bands.  Without  disc 
^*^^  method  it  is  sufficient  to  say  that  the  result  ob 
^  spends  on  the  relation  of  the  liter  to  the  decimeter,  a  ral 
^^    present  exactly  determined. 

The  results  detailed  in  this  paper  are  in  a  certain  sens 

^^^iiinary.     The  writer  hopes  that  in  the  near  future,  e 

^^ents  with  metallic  gratings  will  enable  him  to  lease 
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probable  error  very    materially  and  therefore  defers,  for  the 
present,  further  discussion  of  the  problem. 

Through  the  courtesy  of  Mr.  Peirce  the  writer  has  been 
enabled  to  test  the  legitimacy  of  the  above  correction  and  at  the 
same  time  check  his  own  results.  Mr.  Peirce  kindly  forwarded 
his  gratings  and  standard  of  length  for  examination  and  com- 
parison, and  the  results  were  decidedly  instructive. 

Grating  "H/*  with  which  a  large  part  of  the  work  was  done, 
showed,  as  was  suspected,  a  local  error,  equivalent  to  a  correc- 
tion of  one  part  in  65000  in  the  resulting  wave  length.  Tested 
in  the  spectrometer,  the  portion  including  the  error  showed  a 
grating  space  distinctly  greater  than  that  of  the  grating  taken 
as  a  whole,  showing  thus  both  the  necessity  and  the  algebraic 
sign  of  the  correction.  The  other  gratings  showed  similar 
errors  varying  in  amount,  but  the  same  in  sign,  the  correction 
requiring  in  every  case  a  reduction  in  the  wave  length.  The 
abnormal  portion  was  invariably  at  one  end  or  the  other  of  the 
grating  concerned,  never  in  the  middla   . 

The  standard  of  length  used  by  Mr.  Peirce — "No.  8**'  a  glass 
decimeter — was  compared  with  S^  and  Sj  and  the  preliminary 
results  show  that  the  length  assigned  to  it  was  too  great  by 
very  nearly  2//,  1  part  in  50000.  Now  the  wave  length  of  Dj 
as  deduced  from  grating  H  was, 

5896-26 
Less  error  of  ruling. .  — '10 
Less  error  of  "  N  o.  .3  •'  —-12 
Corrected  value 589004  in  air  at  30  in.  pressure  and  70°  F; 

which  shows  a  tolerably  close  correspondence  with  the  results 
obtained  by  the  writer.  A  more  complete  discussion  of  Peirce's 
results  is  reserved  until  the  relation  between  "  No.  3  "  and  S^ 
and  Sg  shall  be  more  exactly  known.  The  latter  standards 
would  appear  to  be  the  more  trustworthy,  since  they  are  based 
on  various  independent  determinations,  while  **  No.  3  "  is  based 
on  an  indirect  comparison  with  meter  **No.  49,"  a  standard 
concerning  the  exact  length  of  which  there  seems  to  be  some 
little  doubt. 


Art.  XXL — On  Hie  Relative   Wave-length  of  Hit  Lines  of  the 
Solar  Spectrum ;  by  Henry  A.  Rowland. 

For  several  years  past  I  have  been  engaged  in  making  a  pho- 
tographic map  of  the  solar  spectrum  to  replace  the  ordinary 
engraved  maps  and  I  have  now  finished  the  map  from  the 
extreme  ultra  violet,  wave  length  3200,  down  to  wave  length 
6790.     In  order  to  place  the  scale  correctly  on  this  map,  I  have 
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and  it  necessary  to  measure  the  relative  wave  lengths  of  the 
ectrnm  and  to  reduce  it  to  absolute  wave  lengths  by  some 
ore  modern  determination.  I  have  not  yet  entirely  finished 
e  work,  but  as  my  map  of  the  spectrum  is  now  being  pab- 
^hed  and  as  all  observers  so  far  seem  to  accept  the  measures 

Angstrom,  I  have  decided  that  a  table  of  my  results  would 
i  of  value.  For  as  they  stand  now  they  have  at  least  ten 
ncs  the  accuracy  of  any  other  determination.  This  great 
curacy  arises  from  the  use  of  the  concave  grating  which 
duces  the  problem  of  relative  wave  lengths  to  the  measure  of 
e  coincidences  of  the  lines  in  the  different  spectra  by  a 
icrometer. 

The  instrument  which  I  have  employed  has  concave  grat- 
gs  5  or  6  in.  diameter,  having  either  7200  or  14,400  lines  to 
o  inch  and  a  radius  of  21  ft.  6  in.  By  my  method  of  mount- 
Si  the  spectrum  is  normal  where  measured,  and  thus  it  is 
tesible  to  use  a  micrometer  with  a  range  of  5  inches.  The 
ectrum  keeps  in  focus  everywhere  and  the  constant  of  the 
Icrometer  remains  unchanged  except  for  slight  variations  due 

imperfections  in  the  workmanship.  The  micrometer  has  no 
t^TS  of  run  or  period  exceeding  the  j^i^t  inch.  The  prob- 
^le  error  of  a  single  setting  on  a  good  clear  line  is  about 
rffo5A  of  the  wave  length.  V  of  arc  is  about  '0012  inch, 
ae  D  line  in  the  second  spectrum  is  '17  inch  or  4-4"^  wide, 
^terminations  of  relative  wave  length  of  good  lines  seldom 
fifer  1  in  500,000  from  each  other  and  never  exceed  1  in 
>O,000,  even  with  different  gratings.  This  is,  of  course,  for 
le  principal  standard  lines,  and  the  chance  of  error  is  greater 
-  the  extremities  of  the  spectrum.  The  interpolation  of  lines 
as  made  by  running  the  micrometer  over  the  whole  spectrum, 

inches  at  a  time,  and  adding  the  readings  together  so  as  to 
delude  any  distance,  even  the  whole  spectrum.  The  wave 
*ngth  is  calculated  for  a  fixed  micrometer  constant  and  then 
orrected  so  as  to  coincide  everywhere  very  nearly  with  the 
tandards.  I  suppose  the  probable  error  of  the  relative  deter- 
Mpations  with  the  weight  1  in  my  table  to  be  not  far  from 

i^  500,000.  Angstrom  thinks  his  standard  lines  have  an 
ccuracy  of  about  1  in  50,000  and  ordinary  lines  much  less. 

Aa  to  the  absolute  measure,  it  is  now  well  determined  that 
^J^gstrom^s  figures  are  too  small  by  about  1  part  in  6000. 
'his  rests:  1st,  on  the  determination  of  Peirce  made  for  the 
-'•  S.  Coast  Survey  with  Rutherfurd's  gratings  and  not  yet 
^^pletely  published ;  2nd,  on  an  error  made  by  Tresca  in  the 
^^gth  of  the  standard  meter  used  by  Angstrom*  which  in- 
''eases  his  value  by  about  1  in  7700;  3d,  on  a  result  obtained 

9fi4^^i  Sur  Spectre  du  Fer  Soci^te  Royale  des  Scieooes  d'Upsal,  September, 
*^  p.  26. 

^^-  •^OtjB.  Sol— Thibd  Sbries,  Vol.  XXXTII,  No.  196.— March,  1887. 
12 


lU 


H.  A.  Rowland — jRdative  Wave^&nfftAs 


in  my  laboratory  with  two  of  my  gratings  by  Mr.  Bell,  wh 
is  published  with  this  paper.  Mr.  G.  S.  reirce  has  kin 
placed  his  grating  at  oar  disposal  and  we  have  detected 
error  of  ruling  which  affects  his  result  and  makes  it  nearly  c< 
cide  with  our  own.  The  wave  length  of  the  mean  of  the  t 
E  lines  is 

•  Angstrom  (atlas) 5269-12  ±  -05 

"  (Corrected  by  Thalen) 5269^80* 

Peirce 5270*1 6 

"      (Corrected  by  Rowland  and  Bell).  5270-OOt 

Bell 527004 

These  results  are  for  air  at  ordinary  pressures  and  temp^ 
tures.     The  last  is  reduced  to  20**  C.  and  760°^  pressure, 
reduce  to  a  vacuum,  multiply  by  the  following: 

Fraunhofer  line  A  C  E  G  H 

Correct'n  factor.   1-000291  1*000292   1*000294  1*000297  1*0002 

The  relation  between  my  wave  lengths  and  those  of  An 
Strom  are  given  by  the  following,  Angstrom's  value  beii 
from  p.  31  of  his  memoir. 

A  (edge)        B  (edge)  C 

Angstrom 7597.5       6867*10     6717-16     6662*10     6264*; 

Rowland 7593*97     6867*38     6717-83     6562-96     6265*: 


Difference —  3*5 

Angstr5m 5895*13 

Rowland 5896*08 


•28 


•67 


*86 
Di  Peirce's  line 

5889*12  5708*45   5623*36  5454' 
5890*12   5709-56   5624*70  5455" 


Difference 


•95 


E 


Angstrom 5269*59 

Rowland 5270*43 


Difference 


•84 


Angstrom 4702*44 

Rowland 4703  11 


1-00 

1*11 

1*34 

• 

E 

6, 

F 

5208*67 

5183-10 

5138*78 

4860 

5209*65 

5183*73 

5139*47 

4861 

-98 

•68 

*69 

G 

4307-25 

4307*96 

Difference 


*67 


•71 


The  greatest  variation  in  these  differences  is  evidently  c 
to  the  poor  definition  of  Angstrom's  grating  by  which 
numbers  refer  to  groups  of  lines  rather  than  to  single  oi 
Selecting   the   best    figures,    we   find   that  Angstrdm*s 


*  Thalen,  Sur  Spectre  du  Fer,  Societe  Royale  des  Sciences  d^Upsal,  Septets 
1884,  p.  25.  t  Frona  one  grating  only. 
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ngths  must  be  multiplied  by  1*00016  to  agree  with  Bell, 
hile  the  correction  for  Angstrom's  error  of  scale  would  be 
OOOllO. 

It  is  impossible  for  me  to  give  at  present  all  the  data  on 
lich  my  determinations  rest,  but  I  have  given  in  Table  I 
.any  of  the  coincidences  as  observed  with  several  gratings, 
le  number  of  single  readings  being  given  in  the  parenthesis 
ver  each  set. 

Table  II  gives  the  wave  lengths  as  interpolated  by  the 
iicrometer.  It  is  scarcely  possible  that  any  error  will  be 
>und  (except  accidental  errons)  of  more  than  '02,  and  from  the 
greement  of  the  observations,  I  scarcely  expect  to  make  any 
t»inges  in  the  final  table  of  more  than  '01,  except  in  the  ex- 
remities  of  the  spectrum,  where  it  may  amount  to  '03  in  the 
egion  of  the  A  and  H  lines.  The  wave  lengths  of  weight 
reater  than  1  will  probably  be  found  more  exact  than  this, 
^he  lines  can  be  identified  on  iny  new  photograph  of  the  spec- 
•urn  down  to  6790.  Below  this  there  is  little  trouble  in  nnd- 
ig  the  right  ones.  All  maps  of  the  spectrum,  especially  above 
,  are  so  imperfect  that  it  is  almost  impossible  to  identify  my 
fies  upon  them.  The  lines  can  only  be  properly  identified 
^*  a  power  suflBicient  to  clearly  divide  J,  and  h^.  Some  of  them 
e  double  and  most  of  these  have  been  marked,  but  as  the  table 
^  been  made  for  my  own  use,  I  have  not  been  very  careful 

examine  each   line.     This  will,   however,   be  .finally  done, 
icrometric  measures  have  now   been  made  of  nearly  all  the 
^es  below  b  with  a  view  of  making  a  map  of  this  region. 
Table  I  gives  the  coincidences  of  the  different  orders  of  the 
^ctra  as  observed  with  several  concave  gratings  on  both  sides 

the  normal,  the  numbers  in  the.brackets  indicating  the  num- 
i*  of  observations.  The  observations  have  been  reduced  as 
■arly  as  possible  to  what  I  consider  the  true  wave  length,  the 
^all  difference  from  the  numbers  given  in  table  II,  being  the 
Lriation  of  the  observations  from  the  mean  value.  The  true 
^y  of  reducing  these  observations  would  be  to  form  a  linear 
LUation  for  each  series  and  reduce  by  the  method  of  least 
LUares.  A  simpler  way  was,  however,  used  and  the  relative 
^ve  length  of  the  standard  lines,  marked  S  in  table  II,  was 
stained  ;  however,  some  other  observations  were  also  included. 

Table  II  gives  the  wave  lengths  reduced  to  BelPs  value  for 
^e  absolute  wave  length  of  the  D  line.  These  were  obtained 
•y  micrometric  measurement  from  the  standards  as  described 
^fore.  The  weights  are  given  in  the  first  column  and  some 
^^  the  lines,  which  were  measured  double,  have  also  been 
QarJced.  But  the  series  has  not  yet  been  carefully  examined 
^^  doubles. 

The  method  is  so  much  more  accurate  than   by  means  of 
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angular  measurement  that  the  latter  has  little  or  no  weig 
comparison. 

Tnis  table  is  to  be  used  in  connection  with  my  photogn 
map  of  the  normal  spectrum  to  determine  the  error  of  the  i 
at  any  point.  The  map  was  made  by  placing  the  phoU^ 
in  contact  with  the  scale,  which  was  the  same  for  each  ord 
spectrum,  and  enlarging  the  two  together.  In  this  way  the 
has  no  local  irregularities,  although  the  scale  may  be  displ 
slightly  from  its  true  position,  and  may  be  a  little  too  Ice 
short,  although  as  far  as  I  have  tested  it,  it  seems  to  have 
little  error  of  the  latter  sort.  The  scale  was  meant  in  all  c 
except  the  ultra  violet,  to  apply  to  Peirce's  absolute  value 
so  the  correction  is  generally  negative,  as  follows : 

Approximate  correction  to  the  photographic  map  of  the  noi 
spectrum  to  reduce  to  latest  absolute  value. 


Strip  3200  to  3380 Correction . . 

"     3276  to  3630 " 


"  3475  to  3730 "  — 

"  3676  to  3930 "  — 

*'  3«76to4130 "  — 

*'  4075  to  4330 "  — 

"  4276  to  4630 «  — 

"  4480  to  4736 «  — 

"  4685  to  4940 "  — 

"  4875  to  5130 "  — 

"  5075  to  5330 '*  ...— 

"  5215  10  5595 «  about.'..— 

"  5415  to  5795 "  about. ..— 

"  37lOto3910. «  — 

"  3810  to  4000 "  — 


05 
05 
02 
10 
16 
04 
08 
10 
18 
14 
15 
05 
04 
20 
14 


It  is  to  be  noted  that  the  third  spectrum  of  the  map  i 
into  the  second,  so  that  it  must  not  be  used  beyond  ^ 
length  3200,  as  it  is  mixed  with  the  second  in  that  region. 


(2)  (8)  6439-222           (4) 

7039-969  4091-516  4293-181  7240-81 

7027-658  4690-260  /m  48242. 

7023676  5624-696  6439*222  48'23-6: 

5269-656  5624184  4293181  7234*8: 

5270-448  (G)  7233-0' 

(6)  4508-402  (2)              ^^^ 

7039-963  4501-387  !oot1^n  ^^^^"^ 

4222-336  &624-696  ^823-640  q^^q.^ 

7027-627  6624-181  ^^84  701 

5270-429  4496-990  (4)  4691-S 

5269-647  4494677  7247-669  7036  C 

4215-627  (18)  4824-249  6027-t: 

7023-632  6430-993  4823630  7016-e 
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1015266 

(*) 

47888 

(*) 

A„ 

6883-094 

476*1 

4608-397 

4690061 

3664-6 

4601380 
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;  Fra„Dhofer'B  E.  t  Kirohbors  1474. 

*  Pt-irte'a  Htundard,  ((ivon  bj  him  6624-835  {Amor.  Jnur.  of  Science!  later  cor- 

•■e-oteil  bj-  him  to  5624-86  nrd  flnnlly  corrected  by  Rowland  4  liell  for  error  of 

^viJing  Qf  graiing  and  of  stamliird  to  5G34-66.    The  latter  can  bo  considered  aa 

■^ry  near  to  what  the  floal  i-oirected  value  of  Peirce  will  be,  though  it  may  be 

*^en  ao  high  as  6634-76. 
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♦  Fraiinhofcr's  C. 

!  First  line  in  what  may  be  called  the  bead  of  Fraunbofor's  B. 
Single  line  between  what  may  be  called  the  head  and  tail  of  B. 
^  Kdge  of  what  may  be  called  the  head  of  A. 
I  Single  line  between  the  head  and  tail  ot  A. 
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Art.   XXn.— TAe  Norites  of  the    *'  (hrOandt  Series''  on   the 
Hudson  River  near  Peekskill,  K  Y, ;  by  G.  H.  Williams. 

[Continued  from  page  144.] 
3.  Mica  Norite. 

The  purest  types  of  this  rock  are  to  be  foand  in  the  eastern 
part  of  Gortlandt  Township,  along  the  road  leading  from  Mon- 
trose Station  (Manger's  Corners)  to  Montrose  Point  on  the  river. 
Nos.  40,  41,  49,  51  and  52  and  a  slide  marked  Mt.  9  in  Prof. 
Dana's  collection  were  obtained  along  thq  section  described  in 
detail  in  Prof.  Dana's  paper  and  adduced  by  him  as  evidence  of 
the  metamorphic  origin  of  the  rocks  from  sedimentary  deposits.* 
The  microscopic  study  of  these  slides  is  therefore  important 
with  reference  to  the  light  which  it  may  throw  upon  this  ques- 
tioiL  ' 

This  section,  which  occurs  just  at  the  residence  of  Mr.  Butler 
(1883),  has  been  called  by  the  writer  the  "  Butler  Section  " 
(see  above).  Professor  Dana  gives  a  profile  of  it  and  says  (p. 
218)  :  **  It  consists  mainly  of  noryte  and  augite-noryte^  hut  with 
some  komblendyte  and  noryte-gneiss  and  has  distinct  planes  of  bed- 
ding in  several  places^  all  of  which  are  conformable  to  one  another, 
....  This  ledge,  although  made  up  of  massive  noryto  and 
augite- noryte,  bears  thus  positive  evidence  of  its  having  once 
had  bedding  throughout,  and  affords  thereby  a  demonstration 
that  its  noryte  is  of  metamorphic  origin  and  that  the  associated 
beds  comprised  also  the  limestone  of  the  region."f 

The  specimens  41  (c),  47  (g\  49  (e),  61  (c)j  and  52  are  identi- 
cal in  structure  and  composition,  except  in  so  far  as  they  con- 
tain  different  proportions  of  biotite.     They  consist  of  aggre- 
gates of  magnetite,  hyperstheno  and  biotite  which  are  curiously 
bent  and  twisted  around  larger  areas  of  feldspar,  so  as  to  form 
a  pronounced  "  microflaser  "  structure.    The  feldspar  too  shows 
to  a  remarkable  degree  both  mechanical  and  optical  deforma- 
tion.    Its  crystals  are  bent  or   broken ;    secondary  twinning 
lamellae  have  been  abundantly  produced  by  strain,  and   the 
extinction  is  very  uneven.     Moreover  portions  of  the  areas  are 
frequently  seen  to  be  broken  up  into  the  peculiar  mosaic  which 
both  Lehmann§  and  Lossen||  have  shown  to  be  a  characteristic 
Result  of  pressure.     Then   again  garnet,  a  mineral  well  known 
to  be  the  product  of  dislocation  metamorphism  in  rocks,  is  here 
abundant  in  some  of  the  most  schistose  bands,  notably  Nos. 
Si  and  52. 

*  This  Journal,  September,  1880,  xx,  p.  218. 
t  The  italics  are  those  of  Professor  Dana. 

X  These  letters  in  parentheses  are  those  used  by  Professor  Dana  to  designate 
Particulaf  beds  in  his  section. 

p  Ueber  die  Entstehung  der  altkrystallinen  Schiefergesteine.     Bonn,  1884. 
I  Jahrbuch  der  kon.  preuss.  geolog.  Landesaustalt  fiir  1883.     Berlin,  1884. 
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The  writer  has  already  described  another  rock  from  this  sec- 
tion*, (a  peridot! te.  No.  54),  occurring  in  the  bed  marked  by 
Professor  Dana  ^^  a,"  as  showing  in  a  marked  degree  the  effects 
of  pressure,  while  No.  48,  from  his  band  "/"  is  still  more  re- 
markable in  this  respect.  This  rock  was  once  a  gabbro,  like 
that  to  be  described  in  the  sequel  as  occurring  at  Munger's 
Corners  (No.  42).  At  present  it  is  highly  altered  both  struc- 
turally and  mineralogically.  The  diallage  is  largely  changed 
to  hornblende  and  is  drawn  out  into  long  lenticular  patches. 
The  feldspar  is  mostly  broken  up  into  a  mosaic  whicn  bends 
around  the  pyroxene,  producing  a  fine  gneissic  structure.  In 
fact  this  rock  is  almost  identical  with  some  of  the  more  altered 
**  Flaser  gabbros  "  of  Saxony,  which  Professor  Lehmannf  has 
so  conclusively  shown  to  have  resulted  from  the  action  of  pres- 
sure upon  massive  rocks. 

The  hornblende  norites  (Noa  50a  and  506)  from  this  sec- 
tion mentioned  above  are  wholly  massive  and  show  no  internal 
evidence  of  having  been  subjected  to  pressure. 

A  careful  study  of  the  rocks  of  this  interesting  section,  both 
in  the  field  and  with  the  microscope,  has  convinced  the  writer 
that  they  offer  an  unusually  plain  and  instructive  instance  of 
the  metamorpliism  of  eruptive  rocks  by  pressure.  The  evidence  of 
bedding,  seen  in  the  cleavage  and  parallel  arrangement  of  the 
constituents,  instead  of  being  an  indication  of  original  sedimen- 
tation, is  a  secondary  feature.  The  action  of  the  pressure  was 
here  so  slight  that  original  structure  is  not  wholly  changed,  as 
is  more  usually  the  case ;  but  the  alteration  has  only  taken 
place  along  certain  planes  which  allow  the  tracing  of  transitions 
into  the  original,  unaltered  and  still  prevailing  form  of  the 
rock. 

No.  Qa  from  near  Cruger's  Station,  is  a  remarkable  variety 
of  mica-norite,  in  which  the  hypersthene  is  segregated  into 
•irregular  patches.  Outside  of  these  the  rock  is  a  typical  mica- 
dioriie  composed  of  plagioclase,  biotite,  magnetite  and  apatite, 
together  wiih  a  considerable  amount  of  garnet  which  is  a  sec- 
ondary crystallization.  Within  the  segregated  areas  the  space 
is  almost  wholly  occupied  by  hypersthene,  which  exhibits  in  a 
striking  manner  its  alteration  to  secondary  fibrous  hornblende. 


4.  Augite  Norite  or  Hyperite, 

Professor  Dana  has  commanicated  the  following  analyses,  by 
Mr.  M.  D.  Munn,  of  a  specimen  of  augite  bearing  norite  from 
the  northern  part  of  Montrose  Point  on  the  Hudson  River.:|: 

*  This  Journal,  Jan.,  188G,  xxxi.  p.  39.  1 1-  c.,  p.  190. 

^  This  Journal,  Aug.,  1881,  xxxii,  p.  104. 
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I.                    II.  Mean. 

SiO, 65-28  55-40  65-34 

A1,0, 16-31  1644  16-37 

Fe,0, 0-69  0-85  0-77 

FeO. 7-67  7-51  7-54 

MnO 0-40  0-39  0*40 

MgO 5-05  6-06  5-05 

CaO 7-52  7-49  7-51 

XaO 4-10  4-03  4-06 

K,0 2-05  2-00  2-03 

H,0 0-68  0-58  0-68 

09o5  99-73  99*65 

'rofessor  Dana  describes  this  rock  as  an  aughe-norite  con- 
ling  about  equal  pro]x>rtioDs  of  hypersthene  and  augite.  A 
1  section  in  bis  collection  marked  (Mt  20)  the  writer  supposes 
e  the  one  alluded  to  in  his  description  as  it  is  the  only  one  from 
;  locality.  This  is,  however,  almost  a  typical  norite  with  a 
;e  proportion  of  the  usual  reddish-brown  feldspar,  very 
ical  hypersthene,  and  only  occasional  individuals  of  a  green 
ous  aiallage  and  dark  brown  biotite.  The  percentage^of 
e  in  the  analysis,  after  deducting  what  is  necessary  for  the 
[spar  also  indicates  but  a  small  proportion  of  augite.  This 
;ion  also  shows  considerable  unstriated  feldspar,  which,  from 
analogy  of  No.  43  and  the  percentage  of  potash  found  in 
analysis,  may  safely  be  assigned  to  orthoclase.  A  study  of 
section  indicates  that  this  analysis  is  very  representative  of 
average  norite  of  the  Cortlandt  Series, 
k  more  typical  augite-norite.  or  hyperite  is  to  be  found  in 
nmen  No.  69,  of  the  Johns  Hopkins  University  collection, 
ch  was  collected  from  the  same  locality  as  the  above.  Here 
proportion  of  both  augite  and  biotite  is  considerably  greater 
1  in  Professor  Dana's  section.  This  slide  is  especially  inter- 
ag  from  the  fact  that  it  e^ibits,  in  both  the  hypersthene 
augite,  inclusions  which  the  writer  would  without  hesita- 
consider  as  secondary  and  identical  as  those  in  the  Scot- 
rocks  which  Professor  Judd  rightly  ascribes  to  scbilleriza- 
.  Side  by  side  with  these,  however,  are  other  inclusions  in 
feldspar  which,  like  those  above  described,  are  original. 
fo.  105  in  the  University  collection  from  the  road  from 
iterville  to  Verplanck,  and  a  section,  marked  J,  in  Professor 
la's  collection  from  Craig's  place,  one  mile  S.E.  of  Peekskill 
also  admirable  examples  of  the  augite-norite.  Both  coq- 
I  nearly  as  much  augite  as  hypersthene.  The  former  min- 
1  is  distinguished  from  the  latter  by  its  green  color,  the 
ire  absence  of  pleochroism,  its  highly  inclined  extinction- 
lie,   the  frequency  with  which  it  forms  twins,  and  its  com* 
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parative  freedom  from  inclusions.  These  are  not  altogether 
wanting,  bat  consist  almost  wholly  of  small  plates  of  biotite  or 
grains  of  magnetite,  presenting,  both  in  their  number  and  irr^- 
ular  arrangement,  a  contrast  to  the  characteristic  red  plates  of 
the  hypersthene.  Both  of  these  Eilides  contain  considerable 
biotite  in  addition  to  the  augite.  This  mineral,  as  well  as  the 
feldspar,  exhibits  in  a  beautiful  manner  the  effects  of  pressure. 

5.  Fyroxenite. 

Very  interesting  and  comparatively  coarse-grained  rocks 
composed  wholly  of  hypersthene  and  diallage  or  augite  may  be 
regarded  as  a  modification  of  the  type  last  described,  due  to  the 
disappearance  of  the  feldspar.  They  are  quite  abundant  in 
the  eastern  part  of  the  township  near  the  emery  mines  and  are 
represented  by  Nos.  127,  129,  131  and  132  in  the  Johns  Hop- 
kins University  collection.  Such  rocks  also  occur  on  the 
northern  half  of  Montrose  Point,  but  here  they  carry  more  or 
less  brown  hornblende  and  are  intimately  related  to  the  horn- 
blendites  which  are  the  prevailing  rock  in  that  locality  and 
which  will  be  described  later. 

Diallage-hypersthene  aggregates  have  recently  been  found  by 
the  writer,  associated  with  the  hypersthene  gabbros  of  Balti- 
more and  Harford  Counties,  Md.,  which  are  quite  analogous  to 
those  occurring  in  the  Cortlandt  Series.* 

The  Iron  ore  and  Emery  in  the  Cortlandt  Norite. 

The  deposits  of  magnetic  iron  ore  and  emery  mentioned  in 
Professor  Dana's  paperf  as  occurring  in  the  massive  rocks  of 
the  Cortlandt  Series,  although  of  but  little  practical  import- 
ance, possess  considerable  scientific  interest  The  veins,  which 
appear  to  be  segregations  in  the  norite,  have  been  opened  north 
and  northeast  of  Cruger's  Station  only  for  iron  ore,  while  quite 
similar  deposits  in  the  southeastern  part  of  the  township,  are 
still  worked  to  some  extent  for.  emery.:}:  The  ore  is  heavy  and 
black,  but  does  not  turn  out  as  rich  as  would  be  expected  from 
its  appearance.  A  microscopic  examination  of  it  shows  that  it 
is  largely  composed  of  a  dark  green  mineral  in  which  octahe- 
dral crystals  of  magnetite  are  imbedded.  Professor  Dana  con- 
sidered this  mineral  to  be  chlorite,  but  a  more  careful  examina- 
tion shows  it  to  be  the  iron-magnesian  spinel,  pleondste.  The 
action  of  chlorite  upon  polarized  light,  as  is  well  known,  is  ex- 
tremely feeble  and  so  it  was  not  unnatural  to  mistake  for  it 

*  BulletiD  of  the  U.  S.  Geol.  Surv.,  No.  28,  p.  55. 

+  Thi8  Journal,  September,  1880,  xx,  p.  199-200. 

I  The  emery  mill  at  Peekskill  owes  its  origin  to  the  discovery  of  these  depoeits. 
although  at  present  it  procures  its  raw  material  almost  exclusively  from  Asia 
Minor. 
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an  isotropic  mineral,  like  spinel.  In  the  massive  ore  this  min- 
eral fornis  an  aggregate  of  interlocking  grains,  but  in  the 
adjoining  rook  it  is  disseminated  in  small  octahedral  crystals  as 
in  section  No.  6a  described  above.  It  was  isolated  from  a 
specimen  of  iron  ore  collected  near  Crager's  Station  and  ana- 
lyzed by  Mr.  W.  S.  Bayley.* 

In  the  eastern  and  southeastern  parts  of  the  norite  region  sim- 
ilar deposits  of  pleonaste  occur  in  great  number,  and  frequently 
contain  more  or  less  corundum  and  iibrolite. 

The  Westchester  Co.  pleonaste  is  remarkable  for  its  small 
proportion  of  magnesia.  The  eight  analyses  of  this  mineral 
given  in  Dana's  System  of  Mineralogy  (p.  148)  have  from  18 
to  26  per  cent  MgO.  The  specimen  which  comes  nearest  in 
composition  to  the  Cortlandt  mineral  is  one  from  Tunaberg  in 
Sweden,  in  which  Erdmann  found  AI,0,  62*95,  FeO  23*46, 
MgO  ISOS.f  Still  even  here  the  amount  of  magnesia  is  con- 
siderably greater  than  in  the  mineral  analyzed  by  Mr.  Bayley. 
In  this  respcjct  the  Cortlandt  pleonaste  approaches  the  pure  iron 
spinel  (FeO,Al,0,)  which  Zippe,  in  1839,  named  Hercyni  te. 
This  was  analyzed  in  1845  by  B.  Quadrat,  who  found  that  it 
contained 

A1,0,  61-17,  FeO  36-67,  MgO  2-92.§ 

This  mineral  occurs  in  black  masses  near  the  villages  of 
Natschetin  and  Hoslau,  nor  far  distant  from  the  town  of  Eons- 
perg,  at  the  eastern  edge  of  the  Bohemian  Forest.  (Lat.  "AYvia 
Hercynia^^  Pliny,  whence  Zippers  name).  Quadrat  stales  that 
it  is  only  found  in  loose  blocks  in  the  soil,  but  von  Hochstetter 
says  that  it  occurs  in  position,  as  "a  member  of  the  Archaean 
Series,  between  anfiphibolite  and  amphibole  schist."  |  The 
Bohemian  hercynite  was  first  microscopically  studied  by  H. 
Fischer,  who  discovered  in  the  spinel  aggregate  what  he  con- 
sidered to  be  magnetite,  quartz  and  hematitc^f  E.  Kalkowsky, 
subsequently  showed  the  supposed  quartz  to  be  corundum,  and 
the  hematite,  iron-hydroxide.**  Certain  very  thin,  dark  gray 
plates  which  are  frequently  interpolated  in  the  hercynite  are 
referred  by  Kalkowsky  to  ilrnenite.  A  microscopic  section  of 
the  Ronsperg  hercynite  in  the  possession  of  the  writer,  contains 

*  The  exact  results  of  this  analysis  were  unfortunately  lost,  but  it  ia  definitely 
remembered  that  the  mineral  was  found  to  contain  only  alumina,  ferrous  iron  and 
magnesia ;  and  that  the  latter  constituted  slightly  over  9  per  cent  of  the  whole. 

f  Ak.  H.  Stofckh.,  1848. 

i  Verb,  der  Gresellsch.  dea  Vaterland.  Museums,  1839. 

S  Annalen  der  Oh.  und  Ph".,  Iv,  p.  357.     1845. 

I  Geog.  Studien  au»  dem  Bohmerwald.  Jahrbuch  dor  k.k.  geologischen  Reichs- 
anatalt,  1856.  p.  785. 

^  Kritisch  micromiueralogische  Studien,  Freiburg,  1869,  p.  18,  II.  Fortaetzung, 
1873.  p.  88. 

**^itachrift  der  deutschen  geologischen  GkseUschaft,  1881,  p.  536. 
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magnetite,  limonite,  ilmenite,  considerable  light  browu  biotite 
and  a  colorless  mineral  which  may  once  have  been  corundum, 
but  which  now  shows  only  a  very  fine  aggregate  polarization. 

The  Cortlandt  ore,  when  examined  under  the  microscope, 
exactly  resembles  the  Bohemian  hercynite.  In  the  purest  spec- 
imens, there  is  only  the  aggregate  of  bright  green  grains 
mixed  with  more  or  less  magnetite.  These  grains  are  always 
of  a  much  lighter  color  in  contact  with  the  magnetite.  They 
contain  no  ilmenite  plates,  like  the  Bohemian  mineral,  but  are 
full  of  irregular  shreds  and  dots  of  magnetite.  (Nos.  134,  143 
and  144  from  the  eastern  part  of  the  township.)  Other  speci- 
mens (No.  133  from  Wm.  Harght's  farm  and  I  of  Prof.  Dana's 
collection,  from  1  mile  northeast  of  Colabaugh  Pond)  contain 
more  or  less  corundum  scattered  through  them.*  Sometimes 
this  mineral  is  associated  with  fibrolite;  and,  in  the  section 
of  Prof.  Dana's  collection  marked  Cb4,  from  the  Iron  Mine 
south  of  the  road  south  of  Summer  Hill,  only  fibrolite  occurs 
with  the  pleonaste.  This  is  interesting  in  connection  with  the 
intimate  association  discovered  by  Kalkowsky  between  the 
hercynite  and  fibrolite  in  the  Saxon  granulite8.f 

The  spinel  at  the  Cruger  iron  mines  is  quite  like  that  in  the 
eastern  part  of  the  township  except  that  it  is  less  pure.  It 
occurs  as  veins  in  a  typical  noriteinto  which  it  passes  by  grad- 
ual transitions.  Even  the  most  compact  specimens  of  the  ore 
contain  the  norite  minerals,  hyperstliene,  feldspar,  biotite,  and 
garnet,  mixed  with  it  in  greater  or  less  quantity.  At  this 
locality  no  corundum  or  sillimanite  was  observed. 

Quadrat  remarked  in  1846  that  on  account  of  its  great  hard- 
ness (7*5-8),  the  Ronsperg  hercynite  was  employed,  in  the 
region  near  where  it  was  found,  as  an  abrasive  agent.J  The 
admixture  of  true*corundum,  of  course,  very  much  increases  its 
value  for  such  purposes,  and  it  is  this  which  accounts  for  the 
opening  of  numerous  emery  mines  in  the  eastern  portion  of 
Cortlandt  township. 

According  to  the  late  Dr.  J.  Lawrence  Smith,  large  deposits 
of  corundum  or  true  emery  occur  either  associated  with  mag- 
netite on  the  contact  between  crystalline. limestone  and  mica- 
schist  (as  in  Asia  Minor)  or  in  connection  with  serpentine  (as 
in  North  Carolina).§  Its  association  with  spinel  in  massive 
rocks,  where  it  is  probably  a  product  of  contact  metamorphism 

• 

*  The  writer  is  under  obligations  to  Professor  A.  H.  Chester  of  Hamilton  Col- 
lege for  sevenil  interesting  sped  mens  of  corundum  altered  to  hercynite.  They 
came  from  India  and  liave  been  described  by  Genth,  Proc.  Am.  Pliil.  Soc.  Phila- 
delphia. Sept.,  187;). 

f  Zeitschrift  der  deutschen  gcologischen  Gesellschaft,  1881,  p.  537. 

X\.  c,  p.  357. 

§  Memoir  on  Kniery,  this  Journal,  1850,  p.  354.  Annales  des  Mines,  1850,  p. 
259.     Original  Researches,  1884,  p.  75. 
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like  the  fibrolite,  is  exceptional,  but  by  no  means  unprece- 
dented, as  may  be  seen  from  the  ab(»ve  description  of  the  Rons- 
sperg  hercynite.  In  the  Cortlandt  deposits  the  distribution  of 
the  corundum  is  so  irregular  as  to  seriously  interfere  with  its 
practical  value.  Specimens  in  which  it  is  comparatively  abund- 
ant are  not  to  be  distinguished,  except  under  the  microscope, 
from  those  which  are  entirely  free  from  it.  How  far  this  is 
true  may  be  judged  from  the  fact  that  the  purest  specimens  of 
pleonaste  which  the  writer  obtained  anywhere  in  Cortlandt 
township  were  taken  from  the  pile  of  "emery  ore  "  in  the  yard 
of  the  Peekskill  emery  mill.  This  so  reduces  the  grade  of  the 
Cortland  product  as  to  practically  rule  It  out  of  the  market. 

The  following  seven  analyses  of  the  Cortlandt  ore  were  made 
in  1880,  for  tlie  New  York  Emery  Co.,  of  Peekskill,  by  Prof. 
Th.  Egleston  of  the  Columbia  College  School  of  Mines.  They 
are  here  published  for  the  first  time  with  the  permission  of 
their  author. 
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If  from  these  analyses  all  the  components  except  the  alum- 
ina, magnesia  and  iron  be  deducted,  and  if  these  be  calculated 
in  proportions  of  100  after  the  ferric  iron  has  been  reduced  to 
its  equivalent  per  cent  of  ferrous  iron,  we  shall  have : 


1 

1    I.    ''■   II. 

III. 

1 
IV.    1     V. 

VI.    '    VII. 

Mean. 

A1,0, 

FeO 

MgO 

53-63     60.00 
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12-45       9-95 

1 
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54-17 
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100-00.100-00 

100-00 

10000  10000  inn-nn  irui-rwt 

100*00 

A  glance  at  these  analyses  is  sufficient  to  show  that  a  very 
large  proportion,  if  not  all,  of  the  samples  consisted  of  pleo- 
naste. Still,  the  microscope  discloses  the  presence  of  true 
corundum  in  many  specimens,  although  its  amount  is  very 
variable. 
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Section  H  of  Prof.  Dana's  collection  from  1  mile  northeast  of 
Colabaugh  Pond,  consists  of  magnetite  and  pleonaste  mixed 
with  about  an  equal  quantity  of  colorless  corundum.  This  is 
in  good  sized  grains  (^^^°^  in  diameter)  with  a  high  refractive 
index  and  often  shows  a  sharp  hexagonal  section.  These  ex- 
hibit between  crossed  nicols,  very  brilliant  interference  colors. 
Frequently,  however,  they  appear  to  be  somewhat  altered  and 
then  exhibit  a  gray  tone  with  aggre^te  polarization.  These 
corundum  crystals  contain  inclusions  m  great  quantity.  These 
appear  to  be  either  magnetite  in  small  rods  or  dots  or  reddish 
translucent  plates  of  iron  oxide.  They  are  always  massed  to- 
gether in  the  center  of  the  crystal,  frequently  in  such  abund- 
ance as  to  render  this  portion  quite  opaque. 

No.  126,  from  near  Travers'  farm  in  the  eastern  part  of 
Cortlandt  township,  is  quite  like  the  preceding,  except  that  the 
corundum  is  much  more  abundant  and  present  in  individuals 
of  much  smaller  size  (4^°^  in  diameter.)  The  distribution  of 
the  inclusions  is  quite  like  that  in  the  specimen  last  described. 

In  some  of  the  sections,  the  corundum  is  seen  to  have  a  deep 
blue  color,  and  then  to  exhibit  its  characteristic  dichroism. 
This  is  most  notably  the  case  in  specimens  taken  from  the 
Lombard  mine,  just  north  of  Colabaugh  Pond.  This  locality 
is  represented  by  Nos.  136  and  137  of  the  University  collection 
and  by  section  A,  belonging  to  Prof.  Dana.  These  are  seen  un- 
der the  microscope  to  be  composed  of  an  aggregation  of  the  three 
minerals,  fibrolite,  corundum  and  magnetite.  The  first  is  pres- 
ent in  long,  colorless  needles,  showing  the  characteristic  cleav- 
age, transverse  parting,  parallel  extinction,  and  brilliant  inter- 
ference colors  01  this  species.  They  have  their  longest  axes 
approximately  parallel  thus  producing  a  somewhat  schistose 
structure.  The  corundum  is  present  in  rather  stout  crystals, 
with  a  sharp  hexagonal  outline  in  cross -section.  Such  sections 
have  in  every  position  a  uniform  deep  blue  color,  while  those 
nearly  parallel  to  the  vertical  axis  have  this  color  when  their 
lateral  axis  is  parallel  to  the  principal  section  of  the  polarizer 
and  a  light  greenish  yellow  tinge  when  brought  into  a  position 
at  right  angles  to  this.     The  pleochroism  is  therefore: 


I 


E=light  greenish  yellow 
0=dark  blue 


and  the  absorption  0>E.  The  hexagonal  sections,  when  ex- 
amined in  converged  polarized  light,  show  a  uniaxial  inter- 
ference figure  and  negative  double  refraction.  All  .of  these 
characters  agree  fully  with  corundum;  and  the  examinations, 
for  comparison,  of  sections  of  typical  emery,  from  Samos, 
Naxos,  Smyrna  and  Gumuch-dagh  in  Asia  Minor  and  from 
Chester,  Mass.,  leaves  little  doubt  of  the  identity  of  these  with 
the  Cortlandt  mineral. 
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The  resalts  of  the  optical  examination  are  fully  in  accord 
with  a  series  of  chemical  tests  which  Dr.  C.  Pigot,  assistant  in 
the  Cbemical  Laboratory  of  the  Johns  Hopkins  University, 
kindly  made  for  ma  The  powder  of  the  mineral,  which  had 
been  separated  from  the  fibrolite  by  the  borotangstate  of 
cadmium  solution  and  from  the  magnetite  by  boiling  it  in  hy- 
drochloric acid,  was  found  not  to  be  attacked  by  any  acids. 
It  is  very  difficultly  fusible  with  sodium  carbonate  but  fuses 
readily  with  acid  potassium  sulphate  or  acid  sodium  sulphate. 
In  the  solution  thus  obtained  the  presence  of  nothing  except 
alamina  and  iron  could  be  detected.  The  only  unusual  prop- 
erty of  this  corundum  is  a  lower  specific  gravity  than  was  ex- 
pected. This  is  probably  due  to  incipient  alteration,  which 
can  be  easily  seen  under  the  microscope,  and  is  another  cause 
that  would  tend  to  materially  diminish  the  value  of  the  West- 
chester Co.  emery. 

Id  a  succeeding  paper  the  writer  hopes  to  describe  the  remain- 
ing members  of  the  Gortlandt  Series  (gabbros  and  diorites)  and 
to  point  out  the  metamorphosing  effect  which  the  massive  rocks 
have  exercised  upon  the  surrounding  schists  and  limestones, 
as  well  as  other  proofs  of  their   undoubted  eruptive  character. 

Petrographioal  Laboratoiy  of  the  Johns  Hopkins  University, 
Baltimore,  December,  1886. 


-AjlT.  XXIII. — Natural  solutions  of  Cinnabar^    Oold  and  asso- 
ciated sulphides ;  by  George  F.  Becker. 

In  the  course  of  investigations  on  the  geology  of  the  quicksil- 
ver deposits  of  the  Pacific  slope  I  have  taken  up  the  question  of 
the  state  of  combination  in  which  quicksilver  is  dissolved  in 
natural  waters.     Pyrite  or  marcasite  almost  invariably  accom- 
panies cinnabar,  gold  is  known  to  be  associated  with  cinnabar 
^^  a  considerable  number  of  cases,  copper  sulphides  or  sulpho- 
salts  are  also  not  infrequent  in  quicksilver  mines,  and  sulphides 
of  arsenic  and  antimony  are  known  to  occur  in  a  similar  associa- 
^OD.    Zincblende  too  has  been  found  with  cinnabar.     The  solu- 
bility of  these  substances  has  been  incidentally  examined.     In 
fi!^fo^ming  the  experiments  I  had  the  assistance  of  Dr.  W.  H. 
elville,  who  also  made  all  the  quantitative  analyses  involved. 
The  results  obtained  seem  interesting  enough  tojusiify  their  pub- 
Jication,  in  an  abbreviated  form,  in  advance  of  the  monograph 
of  which  they  will  form  a  part.      They  also  possess  some  value 
from  a  purely  chemical  point  of  view,  and  may  interest  readers 
of  this  Journal  who  are  not  geologista 
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The  waters  of  Steamboat  Springs  are  now  depositing  gold, 
probably  in  the  metallic  state ;  sulphides  of  arsenic,  antimony 
and  mercary;  sulphides  or  sulpho-salts  of  silver,  lead,  copper 
and  zinc;  iron  oxide  and  possibly  also  iron  sulphides:  manga- 
nese, nickel  and  cobalt  compounds,  with  a  variety  of  earthy 
minerals.  The  sulphides  which  are  most  abundant  in  the 
'deposits  are  found  in  solution  in  the  water  itself,  while  the 
remaining  metallic  compounds  occur  in  deposits  from  springs 
now  active,  or  which  have  been  active  within  a  few  years. 
These  springs  are  thus  actually  adding  to  the  ore  deposit  of  the 
locality,  which  has  been  worked  for  quicksilver  in  former  years 
and  would  again  be  exploited  were  the  price  of  this  metal  to 
return  to  the  figure  at  which  it  stood  a  few  years  since.  At  Sul- 
phur Bank  also  there  is  reason  to  suppose  that  ore  deposition  is 
still  in  progress,  though  the  opportunities  for  determining  this 
point  are  greatly  inferior  to  those  presented  at  Steamboat 
Springs.  The  waters  of  the  two  localities  are  closely  analogous. 
Both  contain  sodium  carbonate,  sodium  chloride,  sulphur  in  one 
or  more  forms  and  borax  as  principal  constituents,  and  both  are 
extremely  hot,  those  at  Steamboat  Springs  in  some  cases  reach- 
ing the  boiling  point.  In  attempting  to  determine  in  what 
forms  the  ores  enumerated  can  be  held  in  solution  in  such 
waters,  it  is  manifestly  expedient  to  begin  by  studying  the  sim- 
plest possible  solutions  of  the  sulphides  and  particularly  of 
cinnabar.* 

Solubility  of  HgS  in  mixtures  of  Na*S  and  NaOH. — A  series  of 
experiments  were  made  in  my  laboratory  with  a  view  of  testing 

*  Previoris  investigation. — The  solubility  of  mercuric  sulphide*  iu  alkaline  com- 
pound? containing  sulphur  has  long  been  recognized  by  experimental  and  indus- 
trial chemists.  This  fact  is  ihe  foundation  of  the  methods  of  preparation  of 
vermilion  in  the  wet  way,  first  described  by  G.  S.  C.  Kirchoff  in  1799  (Scheerer^s 
Allgem.  Journ.  derChem.,  vol.  ii,  p.  290).  In  1829,  C.  Bruuner  (Pogg.  Ann.,  voL 
XV,  p.  593)  discovered  the  double  soluble  salt  HgS,  K'S, +  5H*0.  Later  Dr. 
Rheiuhardt  Weber  (Pogg.  Ann.,  1866,  vol.  xcvii,  p.  76),  reexamined  the  properties 
and  formation  of  this  salt,  which  he  found  could  exist  only  in  the  presence  of  firee 
caustic  alkali.  In  opposition  to  Prof.  Stein,  Dr.  Weber  is  extremely  poaitiTe  in 
his  staiemeuts  that  mercuric  sulphide  is  entirely  insoluble  either  in  the  simple 
sulphides  of  sodium  and  potassium,  or  in  the  sulphydrates  of  these  metals,  except- 
ing in  the  presence  of  free  hydrates.  Dr.  Weber's  solvent  was  not,  as  he  evi- 
dently supposes,  a  mixture  of  hydrate  and  sulphydrate  but  of  simple  sulphide  and 
sulphydrate. 

In  1864,  Mr.  C.  T.  Barfoed  (Journ.  fiir  prakt.  Chemie,  1864,  vol.  xciii,  p.  230) 
investigated  the  behavior  of  mercuric  sulphide  to  sodium  sulphides.  He,  like  Dr. 
Weber,  found  the  metallic  sulphide  wholly  insoluble  in  the  sulphydrate,  but  solu- 
ble in  the  simple  sulphide,  and  in  mixtures  of  the  latter  either  with  the  sulphy- 
drate or  with  the  hydrate.  He  insists  that  the  necessary  and  sufficient  condition 
for  the  solubility  ot  mercuric  sulphide  is  the  presence  of  sodic  monosiilpbide. 

The  assertion  is  frequently  made  in  chemical  writings  (for  example  Graham- 
Otto,  5th  Kd.,  part  3,  vol.  ii,  p.  11 19)  in  spile  of  the  result  obtained  by  Weber  and 
by  Barfoed  that  mercuric  sulphide  is  soluble  in  sodic  sulphydrate.  '  In  1876,  Mr.  M. 
C.  M(jhu  (Russian  Journ.  of  Pharra.,  reported  in  Jahresberichtder  Chemie,  1876,  p. 
282),  examined  the  soluble  crystalline  mercury* sodium  salt  corresponding  to  Brun- 
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the  relative  effect  of  the  quantity  of  sodium  sulphide  and  sodium 
hydrate  on  the  quantity  of  mercuric  sulphide  which  a  given 
mixture  of  the  solvents  would  take  up.  It  is  almost  impos- 
sible to  make  experiments  of  this  kind  with  the  same  accu- 
racy which  can  easily  be  attained  in  precipitations  because,  if 
one  or  more  drops  of  either  fluid  reagent  is  added  to  a  mass  con- 
sisting of  mercuric  sulphide  partially  dissolved  in  the  men- 
struum, it  is  not  practicable  to  say  how  long  a  time  will  elapse 
before  the  additional  drop  will  have  become  saturated.  Ap- 
proximate results  are  however  readily  obtained,  and  these  ap- 
pear in  the  present  case  to  be  sufficient 

It  was  found  that,  provided  a  small  quantity  of  free  hydrate 
exists  in  the  mixture,  the  solubility  of  HgS  depends  solely 
upon  the  quantity  of  Na'S  in  the  solution.  The  average  of 
fourteen  experiments  made  with  varying  proporsitions  of  sodic 
hydrate  gives  IHgS  to  2*08  Na'S.  From  the  nature  of  the 
experiments  a  slight  excess  in  the  quantity  of  solvent  employed 
is  to  be  expected.  One  experiment  was  made  by  mixing  mer- 
curic sulphide  and  sodic  sulphide  in  the  proportion  of  two 
molecules  of  the  latter  to  one  of  the  former,  ana  adding  a  few 
drops  of  caustic  soda.  A  mere  trace  of  mercuric  sulphide 
remained  undissolved,  and  this  completely  disappeared  on  the 
addition  of  a  single  drop  of  a  solution  of  sodic  sulphide,  so  that 
less  than  one  drop  completed  the  solution. 

Chemists  of  course  regard  cases  of  solution  such  as  that  under 
discussion  as  due  to  the  genesis  of  soluble  double  salts,  which 
are  formed  according  to  ordinary  laws  of  composition.     The 

ner's  potassium  compouDd.     He  found  mercuric  sulphide  insoluble  in  sodic  hydrate 
or  Id  the  simple  sulphide  of  sodium,  but  highly  soluble  in  mixtures. 

Alkaline  pentasulphides  convert  amorphous  quicksilver  sulphide  digested  with 
tbem  into  cinnabar  (Gmelin-Kraut,  Handbuch  der  Chemie,  vol.  iii,  p.  766,  where 
many  references  may  be  found),  and  this  process  implies  a  certain  degree  of  solu- 
bility. Mr.  Barfoed,  however,  found  mercuric  sulphide  insoluble  at  ordinary 
pressures  in  sodium  sulphydrate  to  which  sulphur  had  been  added,  and  the  solubility, 
in  the  pentasulphide  is  probably  slight.  The  conversion  of  the  black  sulphide  into  the 
red.  does  not  appear  to  imply  more  than  a  mere  trace  of  solubility,  for  Messrs.  H. 
Sainte-ClaireDevilleand  Debray  produced  rhombic  crystals  of  cinnabar  by  heating 
precipitated  sulphide  with  chlorhydric  acid  to  100**  C.  in  a  closed  tube  (Fouqueand 
Michael-L^vy,  Syoth^  des  Min.  et  des  Roches,  p.  313).  No  statement  is  made  in  the 
account  of  this  experiment  of  any  means  being  employed  to  produce  any  great  pres- 
sure. Mr.  S.  B.  Christy  (this  Journal,  vol.  xvii,  1 879.  p.  453 )  foimd  that  at  pressures  of 
from  150  to  600  pounds  per  square  inch  and  temperatures  of  from  I SC  to  250^  various 
liquids  heated  with  precipitate!  mercuric  sulphide  convert  it  into  vermilion.  He 
experimented  with  polysulphides  of  potassium,  potassic  sulphydrate,  acid  sodic 
carbouate  charged  with  sulphydric  acid,  and  a  spring  water  containing  acid  sodic 
carbonate  which  he  charged  with  sulphydric  acid.  He  reached  no  conclusion  as 
to  the  state  of  combination  of  the  mercury  in  solution.  The  fact  that  glass  is 
greatly  attacked  at  high  pressures  and  temperatures  by  alkaline  solutions  of  course 
leaves  many  possibilities  open.  Prof.  R.  Wagner  (Journal  fur  prakt.  Ohemie,  voL 
zcviii,  1866,  p.  23),  has  shown  that  mercuric  sulphide  is  soluble  in  bariimi  sulphide, 
and  Prof.  B^h  (Allgem.  u.  chem.  Geol.,  vol.  i,  p.  264)  thinks  it  probable  that  cal- 
cium sulphide  poBseBBes  a  similar  power. 
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above  experiments  show  that  this  soluble  double  salt  can  be 
represented  only  in  the  formula  HgS,  2Na*S.  The  soluble  mix- 
ture given  by  M6hu  answers  to  ngS+2'07  Na*S  and  is  thus,  so 
far  as  it  goes,  confirmatory  of  the  above  experiments. 

Solubility  o/*HgS  in  Na'S. — The  most  carefully  prepared  so- 
lutions of  sodium  sulphide  dissolve  mercuric  sulphide  freely. 
This  statement  is  directly  contrary  to  that  which  some  of  the 
chemists  referred  to  have  made,  and  it  would  be  a  rash  one  if 
the  evidence  to  be  adduced  for  it  depended  simply  upon  bringing 
solutions  of  sodic  sulphide  into  contact  with  mercuric  sulphide ; 
for  it  is  impossible  to  make  certain  that  there  is  no  trace  of  free 
caustic  alkali  or  of  sulphydrate  in  a  solution  of  sodic  sulphide, 
however  closely  its  analysis  may  correspond  to  its  theoretical 
composition.  If,  however,  a  solution  of  sodic  sulphide  contain- 
ing sodic  hydrate  is  treated  with  hydrogen  sulphide,  it  is  gri^d- 
ually  converted  into  sodic  sulphydrate  and  passes  through 
a  point  at  which  the  only  compound  present  is  the  monosul- 
phide.  If  mercuric  sulphide  is  dissolved  in  a  mixture  of  sodic 
sulphide  and  caustic  soda,  and  the  clear  filtrate  is  treated  with 
hydrogen  sulphide,  the  mercuric  sulphide  begins  to  be  precipi- 
tated when  very  little  free  caustic  alkali  is  left,  and  is  contin- 
uously precipitated  until  the  entire  amount  of  sodium  present  is 
converted  into  sulphydrate.  The  purest  preparations  of  Na*S 
which  we  have  been  able  to  make,  dissolve  mercuric  sulphide 
less  freely  than  mixtures  of  sodic  sulphide  and  sulphydrate. 
Different  preparations,  however,  shown  oy  most  careful  analysis 
to  correspond  very  accurately  to  the  formula  Na'S,  give  some* 
what  different  results,  possibly  indicating  a  minute  variation 
from  absolute  purity.  It  does  not  seem  a  priori  improbable, 
that  the  soluble  salt  when  the  sodic  sulphide  is  absolutely  pure 
is  HgS,  SNa'^S  ;  and  one  of  our  preparations  gave  almost  exactly 
this  result.  It  may  also  be  that  mixtures  otHgS,  2Na*S,  and 
HgS,  4Na^Sare  formed  in  proportions  varying  with  other  condi- 
tions  than  the  purity  of  the  sodium  sulphide,  such  as  tempera- 
ture and  concentration. 

Insolubiliti/ of  SgS  in  cold  NaHS. — Repeated  experiments  and 
analyses  undertaken  during  this  investigation  have  shown  that 
mercuric  sulphide  is  totally  insoluble  in  sodium  sulphydrate  at 
ordinary  temperatures,  and  that  any  preparation  of  this  com- 
pound which  will  dissolve  a  trace  of  mercuric  sulphide  can  be 
shown  by  analysis  to  fall  short  of  complete  saturation.  A  long 
time  and  an  enormous  quantity  of  hydrogen  sulphide  are 
required  to  completely  saturate  even  a  small  amount  of  caustic 
soda  with  sulphur.  As  already  mentioned,  both  Weber  and  Bar- 
foed  were  aware  of  the  insolubility  of  mercuric  sulphide  in 
sodium  sulphydrate  at  ordinary  temperatures.  It  will  be  seen 
later  that  the  behavior  of  these  compounds  varies  with  the  tem- 
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^ratare.  If  mercuric  sulphide  is  left  in  contact  with  cold  soilic 
mlphydrate  for  twenty  four  hours,  just  a  trace  of  mercury  goes 
i  to  solution.  This  is  due  to  the  sf)ontaneous  loss  of  hydrogen 
xlphide  which  the  sulphydrate  is  well  known  to  undergo. 

The  absolute  want  of  power  of  a  preparation  of  sodic  sulphy- 
rate  to  dissolve  a  trace  of  mercuric  sulphide  is  perhaps  the  best 
nown  test  of  its  freedom  from  the  alkaline  monosulphide. 
^fcis  test  does  not  show  the  absence  of  polysulphides,  however, 
^r  we  have  frequently  found  mercuric  sulphiae  totally  insolu- 
ble in  solutions  of  sodic  sulphydrate,  which  possessed  a  yellow 
olor,  and  which  were  proved  by  analysis  to  contain  an  excess 
f  sulphur.  This  corresponds  to  Barfoed's  observation.  The 
ccurrence  of  alkaline  polysulphides  in  nature,  excepting  near 
ie  surface  of  the  earth,  seems  so  improbable,  that  I  have  under- 
^ken  no  investigations  of  the  conditions  under  which  they  dis- 
^Ive  mercuric  sulphide. 

Solubility  of  HgS  in  mixtures  q/*Na'S  and  NaHS. — For  the 
Qrpose  of  determining  the  characterofsolutionsof  mercuricsul- 
hiae  in  mixtures  of  sodium  sulphide  and  sulphydrate,  clear 
>lutions  of  mercuric  sulphide  in  sodium  sulphide  and  sodium 
ydrate  were  made,  all  the  reagents  being  carefully  prepared  for 
le  purpose,  and  sulphuretted  hydrogen  was  passed  through  the 
>lution  until  a  large  permanent  precipitate  of  mercuric  sulphide 
^rrned.  The  mass  was  then  filtered,  and  of  course  the  filtrate 
'presented  an  absolutely  saturated  solution  of  mercuric  sul- 
fide in  a  mixture  of  sodic  sulphide  and  sulphydrate.  A  por- 
on  of  this  solution  was  analyzed.  The  remainder  was  treated 
irther  with  hydrogen  sulphide,  the  precipitation  being  arrested 
sfore  the  separation  of  mercuric  sulphide  was  completed,  and 
^e  second  filtrate,  representing  a  second  saturated  solution  of 
^e  metallic  sulphide  in  a  mixture  of  alkaline  sulphide  and  sul- 
tiydrates,  but  one  containing  much  less  mercuric  sulphide,  was 
'so  analyzed. 

These  analyses,  which  formed  the  conclusion  of  a  tedious  series 

f  experiments,  show  beyond  any  reasonable  doubt  that  there 

^a  compound  HgS,  4Na'S  which  is  soluble  in  the  presence  of 

a'S,  H'S  and  which  is  decomposed    by  hydrogen  sulphide  in 

^^  presence  of  the  sulphydrate  by  the  reaction, 

HgS,  4Na'S-h4H'S=HgS-h4Na''S,  H'S. 

Conclusion  from  the  experiments. — It  appears  from  the  above  that 
^^re  are  at  least  three  double  salts  ot  the  form  HgS,  nNa'S, 
'Jpere  n  may  be  either  1,  2  or  4  and,  judging  from  the  analogy 
^  the  potassium  compounds,  there  is  probably  also  a  compound 
'  this  group  where  n  is  ^,     The  possibility  of  a  case  where  n  is 

has  also  been  adverted  to.  Thus  mercuric  sulphide  readily 
'^ters  into  combination  with  sodic  sulphide  in  various  propor- 
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tions,  while  all  the  best  known  soluble  compoands  of  mercuric 
sulphide  and  sodium  have  the  same  general  formula.  The  pres- 
ence of  carbonates  of  the  alkalies  is  also  known,  especially  irom 
M6hu's  results,  to  be  compatible  with  the  existence  of  these  com- 
pounds. The  question  therefore  arises  whether  such  double 
sulphides  may  not  exist  in  natural  waters. 

Possible  existence  of  Na'S  in  natural  waters, — This  question 
resolves  itself  into  two.  It  is  to  be  considered  whether  Na*S 
may  exist  in  natural  waters  as  such.  In  that  case  such  waters 
must  dissolve  mercuric  sulphide.  It  is  also  possible  that 
alkaline  monosulphides  cannot  exist  as  such  in  these  waters, 
but  that  the  affinity  of  sodic  sulphide  and  mercuric  sulphide  is 
sufficient  to  overcome  the  obstacles  to  the  formation  of  sodic 
sulphide,  and  that  this  compound  will  form  when  mercurfc  sul- 
phide is  present.  The  latter  possibility  is  the  more  important 
one,  but  the  former  is  manifestly  one  of  interest  to  chemical 
geology. 

A  train  of  thermochemical  reasoning,  upon  which  it  is  not 
necessary  to  enter  here,  makes  it  extremely  probable  that,  at 
temperatures  exceeding  80°,  a  certain  amount  of  sodic  sulphide 
may  form  by  the  decomposition  of  neutral  sodium  carbonate  and 
sodium  sulphydrate  in  the  presence  of  acid  sodium  carbonate. 
The  behavior  of  such  mixtures  to  mercuric  sulphide  at  the 
temperature  indicated  is  also  such  as  it  would  be  if  the  sodic 
sulphide  actually  formed  ;  but  a  full  and  sufficient  proof  of  the 
reaction  which  theory  indicates  as  probable  seems  very  difficult 
and  has  not  yet  been  accomplished.  It  is  certain,  however,  that 
a  tendency  exists  to  the  formation  of  sodium  sulphide  undei 
these  conditions.  When  in  addition  to  this  tendency,  thi 
affinity  of  mercuric  sulphide  for  sodic  sulphide  is  brought  inl 
play,  it  can  be  proved  experimentally  that  sodic  sulphide  i-i-  i 
formed.  We  found  that  at  a  temperature  of  about  90°  a  inix^^r:  x 
ture  of  the  two  carbonates  and  the  sulphydrate  dissolves  mcM-  ^e^t 
curie  sulphide  freely  without  a  sensible  evolution  of  gas.  TT  I 
the  solvent  does  not  contain  sodic  sulphide,  it  must  contain  thr^  ^h 
sulphydrate.  Hence  it  becomes  important  to  ascertain  thr^^^jih 
behavior  of  mercuric  sulphide  to  sodic  sulphydrate  at  mo^'^z^d 
erately  elevated  temperatures. 

While  sodic  sulphydrate  will  not  dissolve  a  trace  of  mercui 
sulphide  atordir.ary  temperatures,  if  mercuric  sulphide  isaddi 
to  a  solution  of  sodium  sulphydrate  which    stands  upon  t' 
water-bath,  hydrogen   sulphide  is   evolved  and  mercuric   sr' 
phide  goes  into  solution.     The  fact  tl) at  hydrogen  sulphide 
evolved  demonstrates    that   sodic  sulphide   must   be    form^ 
Cooling  does  not  reprecipitate  the  mercuric  sulphide,  and  •" 
compound   dissolved  is   therefore   of  the   form   HgS,   nNi — 
Though  the  solubility  of  mercuric  sulphide  in  warm   soluti     o/?^ 
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of  the  alkaline  salphydrates  at  ordinary  pressures  has,  so  far  as 
I  know,  never  been  explicitly  stated,  1  have  no  doubt  that 
chemists  have  observed  it  and  that,  in  consequence  of  this 
observation,  the  general  statement  of  the  solubility  of  mercuric 
sulphide  in  alkaline  sulphydrates  has  remained  in  chemical 
literature  in  spite  of  the  observation  of  Weber  and  Barfoed. 
The  preparation  in  which  I  originally  observed  this  important 
reaction  was  one  from  which  mercury  had  already  been  removed 
by  precipitation  with  hydrosulphuric  acid.  The  experiment 
was  afterwards  repeated  by  Dr.  Melville  with  several  prepara- 
tions of  sulphydrate  which  had  been  accurately  analyzed  and  had 
been  tested  in  numerous  ways.  Now  in  a  mixture  of  the  car- 
bonates and  sulphides  of  sodium  at  the  temperature  of  the  water- 
bath,  either  sodic  sulphide  or  sodic  sulphydrate  is  present,  or, 
more  probably,  both  coexist.  If,  then,  mercuric  sulphide  is 
added  to  such  a  solution,  either  sodic  sulphide  combines  directly 
with  mercuric  sulphide,  or  sodic  sulphydrate  is  decomposed  by 
mercuric  sulphide  setting  free  hydrogen  sulphide,  which  must 
be  immediately  absorbed  by  neutral  sodic  carbonate.  Hence  in 
any  case  the  salt  dissolved  in  the  mixture  must  be  of  the  form 
HgS,  nNa'S. 

Effects  of  dilution — ^Laboratory  experiments  are  usually  made 
with  solutions  which  are  much  more  concentrated  than  those 
found  in  nature.  Hence  the  effect  of  dilution  on  solutions  of 
HgS,  nNa'S  are  important.  Whether  mercuric  sulphide  is  dis- 
solved in  a  mixture  of  sodium  monosulphide  and  sodium 
hydrate,  or  of  the  former  and  sulphydrate,  dilution  with  cold 
water  precipitates  mercuric  sulphide. 

The  cause  of  this  precipitation,  whicli  is  attended  by  some 
curious  phenomena  to  be  described  hereafter,  is  clear.  It  is 
known  through  the  investigations  of  Messrs.  Kolbe,  Thomson 
and  others,  that  while  in  moderately  concentrated  solutions 

NallS  -f  NaHO=Na"S  +  H'O, 

this  reaction  is  partially  reversed  on  dilution  ;  or  that,  in  the 
presence  of  much  water,  sodic  sulpiride  is  decomposed  by  water, 
the  proportion  of  the  sulphide  undergoing  this  decomposition 
increasing  gradually  with  the  dilution.  It  is  evident  that  the 
decomposition  of  HgS,  nNa,S  is  effected  in  the  same  way,  more 
and  more  of  the  monosulphide  being  converted  into  the  sulphy- 
drate as  the  dilution  increases,  probably  without  any  limit. 
Since  mercuric  sulphide  decomposes  hot  sodic  sulphydrate,  the 
effect  of  dilution  in  hot  solvents  will  evidently  be  less  than  in 
cold  ones. 

Brunner*  found  that  dilution  of  solutions  of  his  salt  pre- 
cipitated  a  black  mass   in  which,   on   examination    with    the 

*  Loc.  cit 
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lens,  minute  globules  of  mercury  were  visible.  -The  quantity 
of  mercury  was  extremely  small,  so  that  the  precipitate  on 
analysis  corresponded  very  closely  indeed  to  the  composition 
expressed  by  the  formula  HgS.  Gmelin-Kraut*  appear  to 
have  some  independent  confirmatory  evidence  on  this  point  If 
metallic  mercury  is  precipitated  in  diluted  solutions,  of  course 
sulphur  is  liberated  ;  and,  as  shown  above,  sodium  hydrate  must 
also  be  present.  Now  when  these  two  substances  are  brought 
in  contact,  sodic  hyposulphite  forms.  Accordingly  Brunner 
found  hyposulphite  in  the  solution  forty  years  before  the 
decomposition  of  sodic  sulphide  in  dilute  solution  had  been 
elucidated. 

As  Brunner  experimented  with  HgS,  Na"S,  I  thought  it  best 
to  compare  the  action  of  HgS,  4Na"S.  A  very  concentrated 
perfectly  clear  solution  of  freshly  prepared  mercuric  sulphide  in 
a  mixture  of  sodic  sulphydrate  ana  caustic  soda,  containing 
very  little  of  the  latter,  was  suddenly  diluted  with  cold  water  to 
200  times  its  volume  and  rapidly  filtered.  Minute  globules  of 
mercury  could  be  seen  with  the  black  sulphide  on  the  filter. 
On  digestion  (after  thorough  washing)  with  very  dilute  nitric 
acid,  a  solution  was  obtained  from  which  sulphydric  acid  pre- 
cipitated black  sulphide.  The  decomposition  thus  appears*  to 
be  the  same  in  each  of  the  compounds,  HgS,  Na'S  and  HgS, 
4Na'S. 

Influence  of  foreign  substances. — The  fact  that  sddium  carbon- 
ates do  not  prevent  the  solution  of  HgS  in  Na'S  is  evident  both 
from  M6hu's  result  and  from  our  own.  Experiments  show  that 
borax  solutions  precipitate  a  portion  of  the  mercury  from  solu- 
tion, but  not  the  whole.  The  precipitation  does  not  appear  to  be 
progressive,  like  that  accompanying  dilution,  but  to  reach  a 
sharp  limit  beyond  which  further  additions  produce  no  eflFect. 
A  large  amount  of  borax  added  to  a  concejitrated  solution  of 
Na'S  and  NaHS  does  not  rob  it  of  the  power  to  dissolve  HgS. 
It  is  easy  to  imagine  reactions  by  which  borax  may  precipitate 
a  portion  of  the  mercuric  sulphide.  But  the  behavior  of  solu- 
tions of  borax  to  sulphydric  acid  and  to  alkaline  sulphides  is 
very  peculiar  and,  so  far  as  I  am  aware,  has  not  been  thoroughly 
invesiigaied.f  Very  concentrated  solutions  of  sodium  chloride 
do  not  precipitate  mercuric  sulphide  from  strong  solutions  in 
mixtures  of  sodic  sulphydrate,  and  they  even  appear  to  delay 
but  not  to  prevent,  precipitation  by  dilution 

SolubiliO/  of  Ft}*S — The  sulphide  which  is  most  frequently 
associated  with  that  of  mercury  is  pyrite  or  marcasite,  indeed 
these  minerals  in  greater  or  smaller  quantities  are  to  be  found 
in  nearly  every  hand  specimen  of  ore,  and  occur  very  abund- 
antly in  most  quicksilver  mines.     On  making  the  experiment 

•  L,  c.  vol.  iii.  p.  851.  f  Gmelin-Kraut,  1.  c,  vol.  ii.  p.  160. 
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I  foand  that  pyrite,  marcasite  or  precipitated  ferrous  sulphide 
when  warmed  with  a  solution  of  sodic  sulphide  diminished  in 
quantity,  while  the  solution  changed  color.  The  filtrates  gave 
strong  reactions  for  iron. 

Pyrite  dissolves  in  cold  solutions  of  sodium  sulphide  without 
any  evolution  of  gas.  The  solvent  power  seems  to  increase 
with  the  temperature.  Pyrite  like  cinnabar  appears  totally  in- 
solable  in  cold  sodium  sulphydrate,  and,  like  cinnabar,  pyrite 
dissolves  to  some  extent  in  hot  solutions  of  the  sulphydrate. 
Pyrite  is  also  soluble  in  solutions  of  sodium  carbonate  partially 
saturated  with  sulphydric  acid,  both  hot  and  cold.  Quantita- 
iive  determinations  have  been  made,  but  are  omitted  here  for 
he  sake  of  brevity. 

Marcasite  is  more  easily  soluble  than  pyrite,  and  the  simple 
>recipitated  sulphide  goes  into  solution  most  readily  of  all. 
'.  think  there  can  be  no  doubt  that  pyrite  and  marcasite  form 
louble  salts  with  sodium  sulphide  entirely  analogous  tO  the 
oluble  compounds  of  mercuric  sulphide.  Marcasite  is  more 
sasily  attacked  than  pyrite,  just  as  nietacinnabariie  is  more 
susceptible  to  the  action  of  reagents  than  cinnabar. 

SolvbiliXy  of  gold, — The  association  of  gold  and  pyriie  is 
vvorld  wide.  According  to  Gahn*  there  is  no  pyrite  which 
ices  not  yield  traces  of  gold  when  carefully  tested.  This  in- 
deed does  notadcord  with  my  experience,  for  extremely  careful 
tests  of  some  pyrite  in  my  laboratory  have  failed  to  reveal  any 
indication  of  gold.  Gold  is  associated  with  quicksilver,  how- 
ever, at  Steamboat  Springs,  at  some  points  on  the  gold  belt  of 
California,  at  theManzanita  mine,  at  the  Reddington  mine,  and 
some  other  localities  both  in  California  and  in  foreign  countries. 
From  these  facts  I  concluded  that  gold  should  be  soluble  in  sodic 
sulphide.  On  warming  chemically  pure,  precipitated  gold-dust 
with  a  solution  of  sodic  sulphide,  the  glittering  scales  of  gold 
gradually  disappeared.  The  filtrate  after  proper  manipulation 
yielded  a  purple  precipitate  with  phosphorous  acid. 

A  solution  containing  843  parts  of  Na^S  (by  weight)  dis- 
solves one  part  of  gold  at  the  ordinary  temperature  of  the 
atmosphere.  Gold  also  dissolves  at  ordinary  temperatures  in 
Bodic  sulphydrate,  and  in  solutions  of  sodic  carbonate  partially 
saturated  with  sulphydric  acid.  The  solubility  appears  to  be 
increased  and  facilitated  by  heat. 

Solubility  of  other  sxdphidea. — Cupric  sulphide  dissolves  less 
readily  than  pyrite  in  sodic  sulphide  and  in  mixtures  of  the 
sodic  carbonates  and  sodic  sulphydrate.  Unlike  pyrite,  it 
also  dissolves  in  thoroughly  saturated  sodic  sulphydraite.  Zinc 
sulphide  is  also  soluble  and  behaves  much  as  pyrite  does. 
Quantitative  determinations  of  the  solubility  of  these  substan- 

*  Bischof's  Cliem.  G«oLf  vol.  iii,  p.  939. 
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ces  have  also  been  made.  The  solubility  of  the  sulphides  of 
arsenio  and  antimony  in  sodic  sulphide  and  in  the  sulphydrate 
is  of  course  well  known.  In  the  presence  of  neutral  soaic  car- 
bonate  sulphides  of  arsenic  and  antimony  dissolve  in  sodic 
sulphydrate  without  the  evolution  of  gas,  because  the  sulphy- 
dric  acid  set  free  reacts  upon  the  carbonate. 

Natural  solutions  and  precipitations, — The  foregoing  experi- 
ments show  that  there  is  a  series  of  compounds  of  mercury  of 
the  form  HgS,  nNa'S  one  or  the  other  of  which  is  soluble  in 
aqueous  solutions  of  caustic  soda,  sodic  sulphydrate  or  sodic 
sulphide,  and  apparently  also  in  pure  water,  at  various  temper- 
atures. These  solutions  subsist,  or  subsist  to  some  extent  id 
the  presence  of  sodic  carbonates,  borates  and  chlorides.  There 
is  the  strongest  evidence  that  the  waters  of  Steamboat  Springs 
contain  mercury  in  this  form,  and  that  the  waters  of  Sulphur 
Bank  have  contained  mercury  in  the  same  form,  if  indeed  they 
do  not  still  carry  it  in  solution.  Bisulphide  of  iron,  gold  and 
zincblende  form  double  sulphides  with  sodium,  which  appear 
to  be  analogous  to  those  of  mercury.  Copper  also  forms  a 
soluble  double  sulphide,  but  combines  more  readily  with  sodic 
sulphydrate  than  with  the  simple  sulphide.  All  of  these  solu- 
ble sulphosalts  may  exist  in  the  presence  of  sodic  carbonates. 

Mercuric  sulphide  is  readily  precipitated  from  these  solutions. 
Any  substance  is  more  soluble  in  hot  solutions  than  in  cold 
ones,  provided  that  increase  of  temperature  does  not  resolve 
the  fluid  molecules  into  others  which  are  less  soluble ;  as  happens 
with  sodium  chloride,  neutral  sodium  carbonate,  etc.  Dimin- 
ishing temperature  is  thus  a  cause  of  precipitation,  and  dimin- 
ishing pressure  appears  to  act  in  a  similar  way.  There  are  also 
other  methods  of  precipitation  which  may  be  carried  out  under 
natural  conditions.  If  a  natural  solution  of  mercury  comes  in 
contact  with  strong  solutions  of  borax,  or  with  sulphydric  acid, 
or  any  stronger  acid,  it  will  lose  a  portion  of  the  mercuric 
sulphide  in  solution.  At  Steamboat  Springs  and  Sulphur 
Bank  large  quantities  of  sulphuric  acid  are  formed  near  the 
surface  and,  percolating  downward,  must  precipitate  mercury 
in  some  form.  The  acid  waters  penetrate  to  a  depth  of  at  least 
20  or  80  feet  and  this  explains  the  fact  that  the  waters  reaching 
the  surface  carry  so  little  quicksilver.  These  same  causes  must 
also  produce  precipitation  of  the  other  ores  and  of  gold  from 
solutions. 

Another  method  by  which  mercuric  sulphide  may  be  precipi- 
tated, as  has  been  seen,  is  mere  dilution.  Now,  ascending 
solutions  of  quicksilver  must  sometimes  meet  with  springs; 
and  when  they  do  so,  metacinnabarite,  or  black  sulphide  will 
be  precipitated,  and  with  it  also  a  small  amount  of  quicksilver. 
In  nearly  all  mines  a  small  quantity  of  "virgin"  quicksilver 
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18  found  and  in  most  it  constitutes  a  very  small  proportion  of 
the  entire  ore.*  Accompanying  this  precipitation  is  the  forma- 
tion  of  hyposulphite,  wnich  actually  occurs  in  the  waters  of 
Steamboat  Springs.  Dilation  of  solutions  of  quicksilver  with 
extraneous  spring  waters  thus  explains  the  occurrence  of  meta- 
cinnabarite,  lound  in  at  least  four  of  the  mines  of  California,  and 
in  New  Zealand,  and  of  native  quicksilver.  Native  quicksilver 
however  occurs  in  many  mines  in  which  no  metacinnabarite  has 
ever  been  seen.  This  does  not  preclude  the  supposition  that 
the  metal  has  been  isolated  by  dilution  ;  for  black  sulphides  in 
the  presence  of  solutions  of  mercury  might  readily  be  con- 
verted into  the  allotropic  modification,  and  I  know  of  no  reason 
for  denying  that  much  of  the  cinnabar  of  the  ore  deposits  may 
have  been  deposited  in  the  amorphous  state.  Cinnabar  and 
metacinnabarite  are  sometimes  found  mixed,  as  if  the  conversion 
to  the  red  form  were  incomplete;  and  there  is  other  evidence 
from  observation  that  mercuric  sulphide  is  slightly  soluble  in 
the  waters  of  some  of  the  cold  mines. 

While  dilution  will  produce  metallic  mercury  and  a  causa 
vera  of  its  existence  is  thus  detected,  there  may  be  other  ways 
besides  this  in  which  it  is  produced  in  nature.  Thus  sulphy- 
dric  acid  precipitates  a  mixture  of  quicksilver  and  mercuric  sul- 
phide from  mercurous  salts.  Whether  soluble  mercurous  salts 
can  occur  in  nature,  excepting  near  the  earth^s  surface,  is 
another  question.  But  even  light  is  well  known  to  decompose 
this  feeble  sulphide,  and  it  is  not  impossible  that  the  decompo- 
sition of  organic  matter,  which  is  associated  in  most  cases 
with  cinnabar  deposits,  and  seems  to  be  specially  abundant 
in  the  mines  in  which  metallic  mercury  most  prevails,  may 
yield  ammonium  sulphide  and  metallic  mercury. 

Qmclusions, — The  conditions  of  the  solution  and  precipita- 
tion of  ores  traced  in  this  paper  appear  beyond  doubt  those 
mainly  instrumental  in  forming  the  deposits  of  Steamboat 
Springs  and  Sulphur  Bank.  Most-  of  the  other  quicksilver 
mines  in  California  show  ores  and  gangue  minerals  of  similar 
composition  to  these,  and  many  of  them  are  accompanied  more 
or  less  closely  by  warm  springs  containing  much  the  same  salts 
in  solution.  Some  of  the  gold  veins  also  appear  to  bear  so 
considerable  a  resemblance  in  many  particulars  to  these  depos- 
its as  to  lead  to  the  belief  that  they  too  were  formed  by  precipi- 
tation from  solutions  of  soluble  double  sulphides. 

That  pyrite,  gold  and  other  ores  are  sometimes  produced  in 
nature  by  other  methods  is  absolutely  certain;  for  some 
auriferous  pyrite  is  known  to  have  resulted  from  the  reduction 

^  tt  is  a  very  curious  fact  that  from  ancieut  times  to  the  beginning  of  the  last 
century  Tirgin  quicksilver  was  supposed  to  possess  qualities  superior  to  that  of 
the  metal  reduced  from  oinnabar.    Briickmann,  Mag^.  dei  in  loc.  subt. 
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of  iron  sulphate  by  organic  matter.  This  particular  prooess  is 
probably  confined  to  short  distances  from  the  surface;  for  I 
Know  or  no  indication  of  the  formation  of  iron  sulphate  far 
from  the  oxidizing  influence  of  the  atmosphere.  oMt  there 
may  be  other  solvents  yet  for  these  and  other  minerals  which 
can  form  at  great  depths  and,  if  such  there  be,  I  am  conviaced 
they  are  cases  in  which  they,  and  not  those  which  it  has  been 
nay  good  fortune  to  trace  in  the  foregoing  pages,  have  beeo  in- 
strumental in  the  segregation  of  ores. 

U.  S.  Geological  Survey,  Dec.,  1886. 


Art.    XXIV. — Fluviaiile  Su amps  of  New  England;  by  N.  S. 

Shaler. 

[Published  by  permiiision  of  the  Director  of  the  United  States  Geol.  Survej.J 

In  examining  the  fresh  water  swamps  of  New  England  I  have 
found  it  necessary  to  consider  in  a  careful  manner  the  geo- 
graphical distribution  of  one  class  of  these  deposits,  viz:  The 
swamps  formed  along  the  banks  of  rivera  This  work  has  been 
done  with  the  intention  of  presenting  the  matter  in  a  report  on 
the  inundated  lands  of  the  United  States,  but  a  part  of  the 
results  seem  to  have  an  important  bearing  on  the  question  of 
recent  changes  in  the  altitude  of  the  continent  in  relation  to  the 
sea  and  are  therefore  stated  in  the  following  pages  in  order  that 
they  may  be  at  the  service  of  students  who  are  interested  in 
this  problem. 

Let  us  first  note  the  fact  that  the  greater  part  of  the  New 
England  streams  flow  from  north  lo  south  or  with  slight  devia- 
tions from  this  direction.  Except  at  the  head-waters  of  these 
southward  flowing  streams,  where  the  brooks  have  too  little 
volume  to  clear  their  beds  of  the  glacial  waste  which  encum- 
bers them,  the  valleys  of  this  group  contain  no  swamps.  There 
are,  it  is  true,  occasional  small  areas  of  marshy  ground  upon 
the  bordering  terraces  of  these  rivers;  these,  in  all  the  cases  I 
have  examined,  are  evidently  **  moats"  or  the  cut-oflF portions 
of  the  old  stream  beds  which  have  been  abandoned  by  the 
rivers  in  tlieir  changes  of  channel. 

All  these  southward  flowing  streams  show  that  they  have,  for 
a  considerable  time,  been  cutting  their  beds  downward  through 
a  deep  laytT  of  detrital  material  which  was  evidently  deposited 
in. their  channels  while  the  ice  sheet  was  disappearing  from  the 
district  on  which  they  lie.  This  is  indicated  by  the  fact  that, 
above  the  alluvial  plain,  at  present  overflowed  in  the  times  o 
flood,  there  is  usuallv  one,  occasionally  several,  terraces  which 
bear  the  mark  of  river  action  and  to  which  the  stream  never 
attains. 
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It  is  a  fact,  one  that  so  far  as  I  am  aware  has  not  been  Doticed, 
that  the  appermost  of  these  terraces  in  the  Merrimac  and  Con- 
D6CticQt,  as  well  as  some  other  rivers,  generally  exhibits  fea- 
tures not  reconcilable  with  the  supposition  that  it  was  formed 
by  river  action.  Its  surface  is  frequently  cast  into  the  peculiar 
forms  characteristic  of  the  deposits  which  were  made  at  the 
front  of  the  ice-sheet  when  the  base  of  the  glacier  lay  below  the 
level  of  the  sea.  It  is  my  belief  that  these  kame-bearing  ter- 
races were  formed  while  the  valleys  in  which  they  lie  were 
depressed.  Mr.  Warren  Upham  m  his  essay  on  the  New 
Hampshire  drift,  repeatedly  refers  to  the  fact  that  these  plains 
differ  essentially  from  those  forming  at  present,  still  he  con- 
ceives them  as  formed  by  river  action. 

Although  we  must  exclude  the  upper  terraces,  those  having 
kame  ridges  and  the  crater-like  hollows  which  accompany  kame 
deposits,  irom  the  category  of  terraces  formed  by  the  action  of 
rivers,  there  remain  enough  of  the  elevated  benches,  distinctly 
marked  by  the  action  of  fluviatile  forces,  to  make  it  clear  that, 
in  the  valleys  of  the  rivers  flowing  from  north  to  south,  the  con- 
ditions have  been  such  that  the  streams  have  had  no  difficulty 
in  constantly  cutting  deeper  and  deeper  into  the  detrital  depos- 
its which  hindered  their  now  at  the  close  of  the  Glacial  period. 
The  accompanying  diagram  (figure  1)  represents  the  general 
condition  of  the  terraces  in  the  valleys  of  the  Merrimac,  Connec- 
ticut, and  other  New  England  rivers  of  considerable  size,  which 
flow  from  north  to  south.  It  is  intended  to  give  the  typical 
form  of  these  terraces  and  not  to  show  the  actual  conditions  at 
any  one  point,  though  those  who  are  familiar  with  the  aspect  of 
the  Merrimac  or  the  Connecticut  will  recall  many  sections  which 
it  closely  resembles. 

1. 


Type  of  river  valleys  in  New  England  when  tlie  streams    How  from  north  to  • 

south. 

It  is  evident  that  in  a  valley  characterized  by  the  presence 
of  the  terrace  debris  the  conditions  are  extremely  unfavorable 
for  the  formation  of  swamps,  for  even  the  lowest  of  the  alluvial 
plains  is  drained,  except  in  times  of  flood. 

Turning  now  to  the  streams  which  flow  from  south  to  north 
wc  find  conditions  in  marked  contrast  to  those  which  are  found 
in  the  rivers  flowing  in  the  opposite  direction.  The  number 
of  these  northward  flowing  streams  is  small  and  none  of  them 
have  drainage  areas  to  be  compared  with  those  of  the  greater 
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New  England  rivers.  So  far  I  have  been  able  to  examine 
the  valleys  of  but  few  of  this  group,  viz  :  The  Nashua,  the  Con- 
cord, the  Charles,  and  the  Neponset,  all  situateil  in  eastern 
MassachusetlH.  Although  these  streams  are  not  large  they  all 
carry,  in  times  of  flood,  large  bodies  of  water. 

The  general  conditions  of  their  drainage  basins,  as  far  as  can 
be  shown  by  a  cross  section,  are  exhibited  in  diagram  No.  2. 
It  will  be  seen  from  a  comparison  of  this  with  the  preceding 
diagram  (flgure  1)  that  the  most  important  difference  in  the 
cross  section  is  as  follows,  viz :  Along  the  streams  which  flow 
from  south  to  north  there  are  no  river  terraces  except  those 
which  are  covered  by  the  ordinary  floods  and  are  at  times 
swampy ;  while  in  the  rivers  which  flow  in  the  opposite  direc- 
tion there  are  normally  several  of  these  elevated  fluviatile 
benches  and  even  the  lowest  of  them  is  well  drained  in  the  dry 
season.  The  only  benches  are  of  the  kame  terrace  character 
before  adverted  to  and  these  are  very  conspicuous  features 
in  some  of  these  valleys ;  in  that  of  the  Concord  River  they 
are  particularly  extensive  and  characteristic.  At  first  sight 
these  kame  plains  are  likely  to  deceive  the  unwary  ob- 
server into  the  belief  that  he  has  ordinary  fluviatile  terraces 
before  him.  Even  when  he  has  a  considerable  acquaintance  with 
such  terraces  as  abound  in  the  region  south  of  the  glaciated  area 
of  this  continent  he  may  fall  into  this  error.  Seen  from  the 
level  of  the  streams  the  faces  of  the  kame  terraces  where  they 
have  been  scarfed  away  by  the  stream  are  almost  exactly  like 
those  of  ordinary  fluviatile  benches.  Observing  them  closely 
their  escarpments  are  seen  to  be  slightly  more  irregular  than  on 
the  terraces  formed  by  a  stream  in  its  down  cutting,  but  occur- 
ring, as  they  do,  in  a  somewhat  fragmentary  way,  these  pecul- 
iarities are  readily  overlooked. 
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noriii. 

When,  however,  the  student  ascends  upon  the  surface  of 
these  plains,  he  at  once  remarks  that  they  are  essentially  unlike 
the  true  fluviatile  terraces  as  we  may  call  those  benches  which 
have  in  earlier  times  been  overflowed  by  the  stream.  In  place 
of  the  level  or  slightly  rolling  surface  characteristic  of  these  old 
flood  plains  we  find  these  kame  terraces,  though  generally 
nearly  level,  to  be  here  and  there  deeply  indented  by  the 
peculiar  pits   termed   ^  kettles '  so  characteristic  of  the  kame 
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plains  of  New  England.  Here  and  there  also  we  find  low  but 
sharp  kame  ridees  which  are  equally  characteristic  oF  this  class 
of  deposits.  These  contours  are  of  themselves  sufficient  to 
prove  that  these  areas  have  never  been  the  flood  plains  of 
any  river.  Other  evidence  is  found  in  the  fact  that  these  kame 
bearings  terraces  have  bowlders  scattered  over  them ;  usually 
these  erratics  are  of  small  size,  but  occasionally  they  have  a 
mass  of  twenty  cubic  feet  or  more.  The  materials  which  form 
the  kame  plains  consist  in  the  main  of  sand  and  pebbles 
deposited  in  an  irregular,  cross- bedded  way  quite  different  from 
the  structure  of  fluviatile  terraces.  Again  the  kame  plains 
may  be  traced  completely  beyond  the  valleys  into  positions  . 
where  it  is  evident  tnat  they  have  no  relation  to  river  action. 

Below  the  level  of  this  kame  terrace  the  valleys  of  the  rivers 

which  flow  from  south  to  north  show  no  other  benches  until 

We  descend  to  the  level  of  the  present  flood  plain.     This  is 

always,  as  is  shown  in  the  diagram,  in  direct  communication 

With  the  present  margin  of  the  river  so  that  a  very  slight  flood 

Sends  the  water  over  the  whole  of  its  level.     Even  in  the  times 

of  ordinary  low  water  the  river  extends  through  sedgy  flats  for 

Bonne  distance  from  the  margin  of  the  flowing  stream.     The 

^^vbole  of  this  alluvial  plain  is  swampy  ;  so  far  as  I  have  seen 

none  of  it  is  exempt  from  floods,  ana  there  is,  at  no  point,  any 

indication  of  down-cutting  on  the  part  of  the  stream  bed.    This 

sibsence  of  a  distinct  lowering  of  the  drainage  level  in  these 

iDasins  may  possibly  be  accounted  for  in  part  by  the  fact  that 

"they  are  all  more  or  less  obstructed  by  mill-dams.     Still  making 

^11  allowance  for  these  obstructions  and  considering  only  the 

<M>nditions  which  remain  when  the  water  is  drawn  away  from 

%he  pools,  it  is  clear  that  there  has  been  in  these  channels  an 

entire  absence  of  that  swift  down-cutting  which  is  so  marked 

s  feature  in  the  rivers  which  flow  from  north  to  south. 

It  is  moreover  clear  that  the  reverse  process  is  now  rapidly 

in  action ;  none  of  these  northward  flowing  streams  have,  at 

the  present  time,  sufficient  currents  to  clear  their  beds  of  the 

-detritus   brought  into  them  by   floods  from  their  tributaries. 

lEven  in  the  time  of  floods  they  discharge  no  coarse  detrital 

matter;  only  the  small  amount  which  is  held  in  suspension  by 

a  slight  current  is  carried  to  the  sea.     The  result  of  this  failure 

of  the  streams  to  exercise  any  general  erosive  effect  is  that  the 

process  of  deposition  is  constantly  going  on  not  only  on  the  bot* 

toms  of  their  channels  but  upofi  a  wide  field  on  either  side  of  the 

waterways.     The  deposition  of  coarse  sediment  is  taking  place 

not  only  along  the  bottoms  of  the  streams  but  in  the  form  of  small 

deltas  where  the  brooks  from  the  higher  ground  are  arrested  in 

their  speed  at  the  nrargins  of  the  swamp  lands.     These  deltas 

are  inconspicuous ;  in  part  because  the  greater  number  of  the 
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New  England  streams  do  not  bear  a  large  amount  of  coarse 
sediment,  but  also  becaase  the  continoed  rise  of  the  swamp 
deposits  causes  the  deltas  to  be  masked  by  the  growth  of  plants 
and  the  accumulation  of  peaty  matter.  It  seems  evident  that 
we  have  not  yet  come  to  a  point  where  the  conditions  have 
attained  their  equilibrium  though  it  may  well  be  that  the  pres- 
ent condition  of  these  basins  is  affected  by  the  artificial  oams 
which  have  recently  been  constructed  across  their  main  chan- 
nel&  I  believe  that,  if  these  dams  were  removed,  the  accamula- 
tion  of  detritus  would  continue. 

The  general  character  of  the  swamps  which  border  the  north- 
ward flowing  rivers,  merits  some  consideration.  In  the  first 
place  we  note  the  fact  that  they  do  not  belong  to  the  groap  of 
sphagnum  deposits,  for  the  reason  that  the  alternations  of  water 
level  are  too  great  to  permit  the  extensive  development  of  these 
mosses.  These  fiuviatile  swamps  are  divisible  into  three  classes. 
There  are  those  which  are  formed  in  areas  so  frequently  sab- 
jected  to  overflow  and  so  constantly  penetrated  with  water  that 
they  cannot  kflbrd  a  site  for  any  of  our  perennial  shrubs  to 
maintain  a  place  upon  them.  These  areas  are  occupied  in  their 
lower  part  by  rushes  and  in  the  higher  by  the  ordinary  marsh 
grasses  of  this  country.  Above  this  level  we  have  a  belt  oi 
ground,  generally  narrow,  in  which  the  grasses  give  place  to 
various  bushy  but  low  growing  plants  of  which  the  alders  are 
the  most  common.  Above  this  we  have  in  certain  places  a 
wide  field  of  swamps  which  are  really  only  very  wet  woods, 
water  covered  in  the  times  of  the  greater  floods,  say  once  or 
twice  a  year,  but  generally  two  or  three  feet  above  the  level  of 
ordinary  inundations. 

These  wide  inundated  plains  demand  explanation;  this  I  am 
not  yet  able  to  give.  It  seems  to  me,  however,  from  their  as- 
pects and  the  trifling  sections  I  have  been  able  to  secure,  none 
of  which  extend  more  than  three  feet  below  the  surface,  that 
they  may  be  true  terrace  plains  formed  perhaps  during  a  time 
when  the  channel  of  the  river  was  at  a  lower  level  than  it  is  at 
present.  These  plains  may  have  been  converted  into  swamps 
by  the  same  chan<^es  in  the  drainage  conditions  which  have  so 
embarrassed  the  flow  of  the  stream. 

The  foregointj;  statement  will  make  it  clear  that  there  is 
great  difference  in  the  drainage  conditions  of  the  streams  whicfc^,5:>cl 
flow  from  and  toward  the  north  in  the  belt  of  country  includect^ 
in  eastern  New  England.     A  little  further  consideration  of  th 
facts  will  make  it  also  clear  that  this  difference  is  probably 
one  of  the  original  nature  but  has  recently  been  brought  aboult' 
We  note  in  the  first  place  that  the  valleys  of  the  rivers,  whic'^ 
flow  from  south  to  north,  show  evidences  of  an  erosive  powe 
which  the  rivers  no  longer  possess.     As  is  indicated  in  the  dir 
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gram  (see  Bgure  2)  we  often  find  on  either  side  of  the  present 
stream  bed  the  remains  of  a  terrace-like  mass  of  sand  and  gravel 
which  is  the  product  of  peculiar  conditions  of  the  Glacial  period. 
In  some  rare  cases  these  masses  of  tabular  drift  are  found  as 
fragments  of  an  old  table- land  left  in  the  middle  of  the  valley. 
These  lateral  and  central  masses  of  terraced  sands  have  in  all 
cases  steep  escarpments  which  by  their  slope  indicate  the  erosive 
action  of  the  stream.  It  is  often  evident  that  these  drift  plains 
at  the  close  of  the  Glacial  period  extended  across  the  valleys  in 
which  they  lie. 

In  some  cases  the  mass  excavated  is  very  great;  on  the 
average  it  seems  to  me  as  great  as  that  which  has  been  removed 
by  some  of  the  larger  streams  of  the  valleys  which  flow  from 
north  to  south.  The  excavation  in  the  valleys  of  the  rivers 
which  flow  from  south  to  north  is  entirely  beyond  the  power  of 
their  streams  to  accomplish  with  their  present  slopes.  In  simi- 
lar streams  flowing  in  the  reverse  direction  the  process  of  ero- 
sion of  their  drift  plains  is  still  going  on.  In  the  Merrimac,  for 
instance,  the  river  is  rapidly  wearing  away  its  banks  at  many 
points.  On  the  western  side  of  the  elevated  plateau  of  kame 
plains,  which  lies  on  the  east  side  of  the  river  near  Concord, 
N.  H.,  the  process  of  erosion  keeps  a  fresh  face  on  a  cliff  nearly 
one  hundred  feet  high  and  several  hundred  yards  in  length. 
This  escarpment  is  wearing  away  at  the  rate  of  somewhere  near 
one  foot  per  annum.  The  same  is  the  case  with  many  other 
bluffs  on  this  stream.  This  activity  of  erosion  by  the  rivers  is 
seen  in  many  other  streams  of  this  class  in  this  part  of  New 
England,  but  in  the  valleys  which  slope  to  the  south  the  streams 
no  longer  attack  their  banks  in  this  manner  though  it  is  evi- 
dent that  they  at  one  time  were  capable  of  such  work. 

I  have  at  present  no  data  suflScient  to  determine  the  depth 
to  which  the  valleys  have  been  encumbered  by  the  swamp 
accumulations  which  have  been  formed  in  them  or  how  much 
their  beds  have  been  raised  from  their  original  level.  It  seems 
to  me  likely  that  they  originally  possessed  alluvial  plains  such 
as  those  which  now  characterize  the  Merrimac  and  other  nor- 
mal valleys.  This  would  seem  almost  necessarily  the  case  from 
the  extensive  erosion  of  the  drift  terraces,  for  the  reason  that 
this  erosion  by  the  stream  would  necessarily  lead  to  the  oscilla- 
tion of  the  channel  from  side  to  side,  which  would  bring  about 
the  production  of  fluviatile  plains.  If  such  plains  existed  the 
filling  up  of  the  valleys  has  evidently  been  suflBciently  great  to 
suppose  their  surface  beneath  the  existing  swamp  deposits. 
As  oefore  remarked  I  am  disposed  to  believe  that  the  great 
area  of  wet-woods  on  the  banks  of  the  Concord  river  in  Bedford, 
Maas.,  is  in  its  nature  a  supposed  fluviatile  terrace. 

It  thus  appears  probable  that  after  the  streams  which  flow  to 
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the  northward  had  in  good  part  done  their  work  of  excavating 
their  drift-encumbered  channels,  bringing  them  into  essentially 
the  condition  of  those  occupied  by  the  rivers  flowing  from  north 
to  south,  a  change  came  over  them  which  led  to  a  lowering 
of  their  slopes  and  a  consequent  diminution  of  their  fall  It  is 
evident  that  the  only  change  which  could  produce  this  would 
arise  from  a  tilting  of  the  land  area  in  which  they  lia  This 
tilting  might  be  accomplished  by  a  positive  down  sinking  of 
their  nead  waters  or  by  a  positive  elevation  of  the  lands  about 
their  mouths;  either  of  these  movements  might  be  local  in_ 
their  nature  or  they  might  be  a  part  of  a  general  movement  of* 
the  continent. 

It  is  perhaps  too  soon  to  interpret  the  movements  which  have 
led  to  tnese  peculiarities  in  the  drainage  of  the  two  clagses  of 
our  New  England  rivers,  but  in  order  to  secure  a  basis  for  the 
further  study  of  the  facts  I  venture  to  ^ve  the  succession  of 
events  which  my  observations  appear  to  indicate. 

First  as  to  the  origin  of  the  kame  terraces  which  are  by  &r 
the  most  conspicuous  as  well  as  the  most  inexplicable  features 
of  our  river  valleys.  I  have  already  incidentally  given  the 
principal  reasons  why  they  are  not  to  be  considercKl  as  in  any 
way  the  result  of  river  action.  I  have  stated  that  the  character 
of  their  surfaces  as  well  as  the  order  of  stratification  of  their 
materials  excludes  them  from  the  class  of  fluviatile  deposits. 
A  further  study  of  their  features  shows  us  that  there  are  other 
reasons  why  they  cannot  be  regarded  as  the  product  of  river 
action.  Deposits  of  essentially  similar  nature  are  found  along 
the  shore  line  at  many  points  between  Portland  and  New  York, 
especially  on  Cape  Cod  and  the  islands  of  Nantucket  and  Mar- 
tha's Vineyard  where  the  supposition  of  river  action  is  quite 
out  of  the  question.  Again  they  are  found  in  the  valleys  of 
our  smaller  lakes  in  positions  where  they  could  never  have 
been  exposed  to  river  currents.  Still  further  they  are,  when 
found  in  the  river  valleys,  in  no  very  definite  relation  to  the 
plane  of  the  stream,  they  lie  at  all  heights  above  its  level  and 
only  for  short  distances  and  accidentally  correspond  in  slope 
with  the  surface  of  true  fluviatile  plains.  I  am,  therefore, 
driven  to  the  opinion  that  these  kame  terraces  were  formed  be- 
neath the  level  of  the  sea  during  the  submergence  which  at- 
tended and  followed  the  stage  of  the  Glacial  period  when  this 
surface  was  deeply  covered  with  ice.  During  the  period  of 
submergence  which  endured  for  a  time  after  the  disappearance 
of  the  ice  the  surface  of  the  sea  floor  was  swept  by  strong  cur- 
rents which  tended,  to  move  the  detrital  matter  from  the  eleva- 
tions and  accumulate  it  in  the  hollows  of  the  bottom.  The  cur- 
rents which  bore  the  materials  to  the  sea  and  arranged  them  on 
its  floor  were  in  the  main  produced  by  the  sub-glacial  streams 
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^^hich  emerged  from  beneath  the  ice  while  its  base  lay  in  the 
Bea.  As  the  sub-glacial  streams  normally  had  their  points  of 
discharge  at  the  lowest  parts  of  the  ice  front,  the  greater  part 
of  the  kame  gravels  were  deposited  in  the  depressions  of  the 
Bea  floor  which  have  since  become  river  valleys.  But  a  share 
of  this  debris  found  its  way  to  the  higher  lying  districts  and 
occasionally  occupied  positions  on  the  divides  between  adjacent 
valleys.* 

Wnen*the  surface  of  this  district  rose  above  the  level  of  the 
sea  the  movement  took  place  suddenly  as  is  shown  by  the  pre- 
servation of  the  delicate  features  of  the  kames,  especially  along 
"the  sea  shore  as  well  as  by  the  absence  of  old  benches  of  levels 
mbove  the  plane  of  the  present  shore.  The  elevation  probably 
brought  the  level  of  the  land  to  a  position  considerably  above 
its  present  altitude,  as  is  shown  by  the  submerged  forests 
^long  the  shore  of  Massachusetts  Bay  and  on  Nantucket,  where 
there  has  been  a  down  sinking  of  ten  to  twenty  feet  in  depth 
since  the  post-glacial  elevation. 

Daring  this  period  of  post-glacial  elevation,  when  this  part 
of  the  continent  was  somewhat  higher  than  at  present,  the  val- 
leys of  all  the  streams  were,  to  a  greater  or  leas  extent,  cleared 
01  their  incumbrance  of  drift     It  is  during  this  period  that  the 
valleys  of  the  rivers  which  flow  from  south  to  north  were  ex- 
posed to  the  measure  of  erosion  which  we  find  indicated  in 
them.     This  condition  of  the  surface  must  have  endured  for 
some  thousands  of  years  in  order  to  have  permitted  the  removal 
of  such  extensive  masses  of  debris  as  have  been  cleared  from 
these  valleys.   As  before  remarked,  the  erosion  of  these  valleys 
as  far  as  it  is  measured  by  the  abrasion  of  the  original  drift  de- 
posits, the  kame  terraces  and  other  glacial  materials,  is  nearly  if 
not  quite  as  extensive  in  the  valleys  whose  streams  flow  to  the 
northward  as  in  those  that  decline  to  the  south.     It  is  evident 
that  the  elevated  condition  of  the  continent  endured  lon^  enough 
to  permit  the  complete  re-establishment  of  the  drainage  in  the 
drift- encumbered  valleys  of  this  region,  a  process  which  could 
not  have  taken  place  with  the  present  declivity  of  the  streams. 
When  the  change  in  the  position  of  the  land  came  about  it  led 
to  the  relative  lowering  of  the  southern  part  of  New  England 
and  a  corresponding  relative  increase  in  the  height  of  the  north- 
ern part  of  this  section  of  the  shore.     It  is  not  perfectly  clear 
whether  the  movement  actually  lifted  the  northern  districts 
above  their  previous  level  or  .no,  but  it  seems  likely  there  was 
a  positive  sinking  of  the  southern  section. 

It  is  probable  that  the  submerged  forests  and  swamps  of 
southern  New  England  before  and  after,  referred  to,  were 
depressed  beneath  the  sea  level  at  the  time  of  this  movement, 

*  Compare  on  the  Origin  of  Kames,  by  N.  S.  Shaler,  Proceedings  Boston  Soc 
Nat  Hist,  ToL  zxtii,  pp.  30-44. 
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The  amount  of  downward  movement  indicated  by  these 
remains  of  submerged  land  plants  cannot  well  be  less  than 
fifteen  feet  It  may  have  much  exceeded  this  amount  It  is 
impossible  to  determine  by  the  scanty  remains  of  these  sob* 
merged  forests  and  swamps,  which  are  disclosed  along  the  shore 
line,  just  how  high  above  the  water  the  surface  which  they 
occupy  stood  before  they  were  lowered  beneath  the  sea.  There- 
fore, although  a  certain  amount  of  subsidence  of  the  r^on  ap* 
pears  to  be  indicated  by  these  submerged  plants,  the  amount  of 
the  movement  can  only  be  determined  by  a  careful  examination 
of  the  valleys  themselves.  Fortunately  the  data  obtainable  in 
this  manner  seem  to  make  an  approximate  determination  of  the 
point  in  question.  The  evidences  of  former  erosion  which 
these  valleys  afford  shows  us  that  at  one  time  their  rivers  had 
a  rate  of  flow  comparable  in  a  general  way  to  that  of  the  rivers 
which  flow  from  north  to  south.  The  question  is,  how  great 
a  tilting  of  these  basins  would  be  required  in  order  to  bring  the 
streams  to  their  present  condition  of  relative  stagnation  and 
permit  the  development  of  the  swamps  which  now  characterize 
their  basins.  After  the  careful  study  of  these  valleys,  compar- 
ing them  with  those  in  other  districts,  I  am  of  the  opinion  that 
the  tilting  need  not  have  exceeded  two  feet  to  the  mile  to  have 
effected  the  change,  and  that  it  might  have  been  effected  with 
a  somewhat  less  amount  of  alteration  in  the  inclination  of  the 
stream  beds.  The  least  amount  which  would  satisfy  the  con- 
ditions would  be  a  lowering  of  the  inclination  of  the  river  beds 
by  one  foot  to  the  mile.  The  greatest  submergence  which  I 
have  been  able  to  prove  from  the  evidence  of  buried  forests  is 
in  the  region  about  Boston  harbor,  where  it  appears  to  have 
been  somewhere  about  twenty  feet,  rather  less  than  more. 
This  evidence  is  derived  from  some  roots  of  a  species  of  spruce 
obtained  in  Cambridgeport  at  a  depth  of  about  seventeen  feet 
below  high  water,  and  some  traces  of  roots  of  trees  in  their 
natural  position  below  the  level  of  low  tide  mark  in  the  portion 
of  Massachusetts  Bay  near  Lynn.  Now,  from  the  sources  of 
the  Concord  river  to  its  outlet  into  the  Merrimac,  is  a  distance 
of  about  thirty  miles  in  a  direct  line,  and  by  the  sinuosities  of 
the  stream  is  about  forty  miles.  We  see,  therefore,  that  the 
proved  subsidence,  since  the  close  of  the  Glacial  period,  is 
hardly  sufficient  to  account  for  the  change  in  the  condition  of 
the  river,  though  it  represents  at  least  half  the  amount  neces- 
sary to  bring  about  that  alteration. 

The  moderate  amount  of  the  subsidence  which  has  led  to  the 
swampy  condition  of  these  valleys  is  furthermore  indicated  by 
the  fact  that  when  the  tributaries  of  the  embarrassed  streams, 
themselves  flowing  from  south  to  north,  are  so  placed  that  their 
original  descents  were  steep,  they  have  not  had  their  basins 
made  swampy  by  the  change  of  inclination. 
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It  is  clear  that  the  precise  amount  of  this  dislocatioQ  cannot 
be  determined  from  a  study  of  the  streams  themselves ;  we  can 
only  set  it  in  general  terms  as  equivalent  to  a  diminution  in 
the  rate  of  descent  to  the  amount  of  from  one  to  two  feet  to  the 
mile.  It  is,  however,  clear  from  the  evidence  afforded  by  the 
valleys  that  the  change  was  in  effect  a  downward  tilting  of  their 
southern  ends.  This  is  shown  by  the  fact  that  the  encumber- 
ing by  marshes  often  extends  to  the  head*  waters  of  the  streams. 
If  the  subsidence  had  consisted  in  an  even  lowering  of  the 
whole  shore  the  result  would  have  been  the  checking  of  the 
current  of  the  rivers  in  the  lower  part  of  their  course  alone.  As 
it  is,  it  has  affected  the  movement  of  some  of  their  tributary 
streams  up  to  a  height  of  one  hundred  feet  above  the  sea. 
There  is  a  chance  that  the  amount  of  the  dislocation  may  be 
determined  in  the  manner  pursued  by  Gilbert  in  his  admirable 
work  on  the  lake  basins  of  the  central  and  western  portions  of 
the  continent,  viz :  by  tracing  the  elevated  shore  lines  of 
shrunken  fresh  water  areas.  In  the  essays  which  I  have  made 
towards  the  use  of  this  method  I  have  as  yet  attained  no  sue- 
oessy  for  the  reason  that  over  New  England  elevated  shore-lines 
are  rare  and  extremely  indistinct  in  their  outlines.  It  is  likely, 
however,  that  a  careful  study  of  the  numerous  lakes  of  New 
England  which  have  been  partially  drained  since  the  Glacial 
period  will  afford  some  data  for  the  accurate  determination  of 
bis  question. 

An  inspection  of  the  best  accessible  maps  seems  to  show  that 
his  encumbering  of  the  valleys  of  the  streams  which  flow  from 
oath  to  north,  becomes  less  evident  as  we  recede  from  the 
bore.  It  is  but  slightly  shown  in  the  hill  districts  of  southern 
^Tew  Hampshire,  or  of  central  Massachusetts,  as  well  as  in  the 
Berkshire  hills.  It  will  not  do,  however,  to  conclude  that  this 
ilting  action  did  not  take  place  in  those  districts.  The  onlv 
ireams  which  in  that  region  have  a  course  from  south  to  north 
Te  of  small  size,  and  rapidly  descend  from  considerable  heights. 
!f,  as  seems  likely,  the  amount  of  down  sinking  of  the  level  to 
be  south  did  not  exceed  two  or  three  feet  to  the  mile,  the 
>riginal  slope  of  the  stream  beds  may  not  have  been  so  far 
>veroome  as  to  lead  to  the  formation  of  swamps  in  their 
valleys. 

It  need  hardly  be  said  that  this  tilting  movement  was  most 
likely  a  change  which  involved  a  large  part,  if  not  the  whole, 
of  the  glaciated  district  of  the  continent.  The  occurrence  of 
such  a  movement  is  sufficiently  proved  by  the  position  of  the 
post-glacial  beds  containing  marine  fossils  along  'the  shore  from 
northern  New  England  to  Greenland,  as  well  as  by  the  evidence 
obtained  by  Gilbert  from  the  old  shores  of  Lake  Ontario. 
These  observations  above  recounted  on  the  northward-flowing 
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streams  come,  therefore,  as  a  corroboration  of  an  hypothesis  i 
which  has  perhaps  sufficient  verification  from  other  evidence.^ 
The  chief  interest  of  the  facts  indicated  by  the  valleys  we  hav^^  - 
been  discussing  is  that  they  give  an  approximate  measure  ofc:<« 
the  amount  of  dislocation  of  the  continent  on  the  southern  parr^r: 
of  New  England,  and  that  they  apparently  show  that  the  down 
tilting  took  place  in  relatively  recent  times,  and  after  a  peri< 
of  elevation  during  which  the  streams  had  steeper  slopes  thai 
they  at  present  exhibit. 

I  venture  to  suggest  that  the  uplifting  probably  took  plaoi 
during  the  period  of  retreat  of  the  New  England  glacial  sheet, 
and  before  the  ice  bad  passed  away  from  the  northern  part  of 
the  continent,  and  that  the  down  tilting  occurred  when  the  ioe 
had  been  in  good  part,  if  not  completely,  removed  from  the 
northern  regions.  It  seems  to  me  not  improbable  that  the  up- 
ward movement  which  followed  the  retreat  of  the  ioe  was  due 
to  the  removal  of  its  weight  from  the  surface  of  the  continental 
arch.  Assuming  this  to  have  been  the  case  then  we  can  easily 
imagine  that  in  the  region  which  was  at  a  certain  distance  lo 
the  south  of  the  retreating  glacial  escarpment  would  be  tern* 
porarily  elevated  by  the  counter  thrust  arising  from  the  weisht 
of  the  neighboring  ice.  We  may  aid  ourselves  in  forming  this 
conception  by  the  somewhat  similar  case  in  which  the  sarfaoe 
of  a  peat  bog  rises  above  its  original  level  around  the  part 
which  is  weighted  down  by  the  filling  of  a  roadway.  It  is  easy 
to  see  that  if  we  should  remove  the  weight  which  produces  the 
counter-thrust  the  elevated  surface  would  tend  to  resume  its 
orif2:inaI  level. 

We  may  thus  conceive  the  succession  of  movements  which 
have  led  to  the  present  condition  of  our  streams  flowing  from 
north  to  south,  as  follows,  viz :  1st.  The  subsidence  of  the 
land  surface  under  the  weight  of  the  ice  to  a  depth  below  the 
level  of  the  sea.  2d.  With  the  retreat  of  the  ice,  a  re^levaiion, 
in  a  sudden  manner,  to  a  height  much  above  the  level  of  the 
sea.  3d.  With  the  disappearance  of  the  ice  from  the  continent 
a  readjustment  of  its  position  and  a  consequent  lowering  of  the 
southern  portion  of  the  glaciated  area.  It  is  not  likely  that  in 
the  readjusted  condition  of  the  continent  all  parts  are  equally 
elevated  or  equally  lowered.  The  present  levels  of  the  sev* 
eral  divisions  of  the  continental  area  would  probably  be  deter- 
mined by  complicated  equations  of  thrusts,  and  it  is  probable 
that  in  this  way  we  may  explain  the  fact  that  certain  of  the 
lesser  valleys  of  New  England  show  little  eflFect  from  the  tilting 
movement  which  in  immediately  contiguous  areas   has  had  a 

?[reat  influence  in  the  flow  of  the  streams.     I  have  observed  the 
act  that  in  the  hills  of  Mt.  Desert  we  have  evidence  which  goes 
to  show  a  rising  of  the  shorelands  from  the  sea  by  a  succession 
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of  uplifts,  each  separated  from  the  others  by  a  period  in 
whicn  the  land  remained  in  the  same  relative  position  to  the 
sea  for  a  period  of  time  safficientlj  long  to  permit  the  waves  to 
excavate  a  strongly  marked  bench  while  in  the  intermediate 
sections  the  elevation  took  place  so  rapidly  that  the  drift  coat* 
ing  was  not  swept  away  from  the  rocks.  It  seems  at  present 
likely  that  these  benches  on  Mt  Desert  do  not  correspond  with 
any  similar  coast  lines  in  the  southern  part  of  New  England.  If 
this  is  proved  to  be  the  case  then  we  have  evidence  that  the 
late  and  manner  of  upward  movement  were  very  diverse  in 
regions  which  are  close  together. 

Although  in  this  paper  I  propose  to  limit  the  matter  of  in- 
9Q]ry  in  tne  main  to  the  postglacial  changes  which  have  come 
Upon  the  valleys  of  the  northward-flowing  streams  it  may  be 
noticed  that  the  facts  above  referred  to  throw  much  light  upon 
tJie   preglacial  attitude  of  the  continent.    These  river-valleys 
t^tain  the  general  form  which  they  had  before  the  last  glacial  ice 
l>egaD  to  act  upon  them,  they  pursue  their  present  courses  be- 
their  flow  is  mainly  determined  by  the  existence  of  the 
t-glacial  river  valleys  in  which  they  lie.    It  is  clear  that  these 
valleys  could  not  have  been  excavated  by  streams  of  their  pres- 
ent slope,  it   seems,  therefore,  necessary  to  assume  that  the 
<3e0cent  of  the  northward  flowing  rivers  must  have  been  more 
x-apid  in  the  pre-glacial  times  than  it  is  at  present,  or,  in  other 
'words,  this  part  of  the  continent  was  at  that  time  relatively  less 
elevated  in  its  northern  parts  than  it  is  at  present 


Abt.  XXV. — On  the  Mazapil  Meteor ic-ir on  ^  which  fell  November 
27th,  1885  ;*  by  William  Eabl  Hidden. 

Among  the  large  number  of  meteoric  irons  which  have  been 
described,  only  ei^htf  are  recorded  as  having  been  seen  to 
fall.  It  is  my  privilege  to  be  able  to  add  a  ninth  fall  to  this 
sho]:t  list,  and  one  which  may  prove  to  be  of  exceptional  scien- 
tific importance.  This  mass  of  meteoric  iron  I  received  in 
August  last  as  a  gift  from  my  friend,  Professor  Jos6  A.  y 
Bonilla,  Director  of  the  Astronomical  Observatory  at  Zacatecas, 
Mexico.  He  stated  that  it  was  seen  to  fall  at  about  9  P.  M.  on 
the  27th  of  November,  1886,  during  the  periodical  star-shower 
of  the  "Bielids."     Such  is  the  great  interest  of  this  meteorite, 

•  This  meteorite  was  first  announced  on  Jan.  17,  1887.  before  the  New  York 
Academy  of  Sciences,  at  a  regular  meeting. 

t  Ag^m,  Croatia,  May  26,  1751 :  Charlotte,  Dickson  Co.,  Tenn.,  Aug.  1,  1835  ; 
BrannaUf  Bohemia,  July  14,  1847  ;  Tabarz,  Saxony,  Oct.  1 8.  1 854 ;  Victoria- West, 
Africa,  in  1862 ;  Nejed,  Arabia,  spring  of  1865 ;  NedagoUa,  India,  Jan.  23,  1870 ; 
Bowton,  Shropshire,  England,  April  20,  1876.  See  the  catalogue  of  the  meteor- 
ites in  the  Mineral  I)ei>artment  of  the  British  Museum,  by  L.  Fletcher,  p.  4  2. 
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as  shown  by  its  history,  that  I  have  delayed  announciDg  it  until 
the  evidence  of  its  fall  had  been  substantiated  as  thoroaghly  as 
possible. 

The  general  freshness  of  surface,  which  shows  very  perfectly 
the  flow  of  the  melted  crust;  the  presence  of  unusually  large 
nodules  of  a  very  compact  graphite;  the  very  slight  superficial 
oxidation,  and  its  dissimilarity  toother  meteorites  of  the  region, 
are  all  interesting  features  of  this  iron,  and  serve  to  confirm  the 
statement  of  its  recent  fall.  When  received  it  weighed  about 
8950  grams.  Its  present  weight  is  8864  grams,  or  ten  pounds 
four  and  one-quarter  ounces,  troy.  Its  greatest  length  is  175 
millimeters,  as  measured  diagonally  across  the  mass.  Id  its 
thickest  part  it  measures  about  60  millimeters.  It  oould  be 
described  as  a  flat  irregular  mass,  covered  with  deep  depressions, 
having  a  smooth  surface.     (See  figure  1.) 

The  evidence  of  the  fall  is  set  forth  in  the  foIIowiDg  oom- 
munication  from  Professor  Bonilla. 

(Translation). — *'  It  is  with  ereat  pleasure  that  I  send  to  you 
the  Uranolite  which  fell  near  Mazapil,  during  the  night  otJhB 
27th  of  November,  1885.  That  you  may  the  better •appnwte 
the  great  scientific  interest  which  this  uranolite  possesses  I  will 
state  that  everything  points  to  the  belief  that  it  belongli  lo  ft 
fragment  of  the  comet  of  Biela-Gambart,  lost  since  1858i  'I  ben 

give  you  the  history  of  this  celestial  wanderer.  On  ther  seeftiid 
ay  of  December  (1885)  I  received,  to  my  great  ddigllt,  from 
Eulogio  Mijares,  who  lives  on  the  Conception  Ranoh,  18  kilo* 
meters  to  the  east  of  the  town  of  Mazapil,  a  uranolite,  whioh  he 
saw  fall  from  the  heavens,  at  nine  o'clock  on  the  evening  of  the 
27th  of  Nov.,  1885.  The  fall,  simply  related,  he  tells  as  follows, 
in  his  own  words  : — 

^* '  It  was  about  nine  in  the  evening  when  I  went  to  the  oorrftl  to 
feed  certain  horses,  when  suddenly  I  heard  a  loud  siszing  noiK, 
exactly  as  tliough  something  red-hot  was  being  plunged  into  oold 
water,  and  almost  instantly  there  followed  a  somewhat  lond  thnd. 
At  once  the  corral  was  covered  with  a  phosphorescent  light  and 
suspended  in  the  air  were  small  luminous  sparks  as  though  from 
a  rocket.  I  had  not  recovered  from,  my  surprise  when  I  saw' this 
luminous  air  disappear  and  there  remained  on  the  ground  only 
such  a  light  as  is  made  when  a  match  is  rubbed.  A  number  of 
people  from  the  neighboring  houses  came  running  toward  me 
and  they  assisted  rae  to  quiet  the  horses  which  had  become  very 
much  excited.  We  all  asked  each  other  what  could  be  the 
matter,  and  we  were  afraid  to  walk  in  the  corral  for  fear  of 
getting  burned.  When,  in  a  few  moments,  we  had  recovered 
from  our  surprise,  we  saw  the  phosphorescent  light  disappear, 
little  by  little,  and  when  we  had  brought  lights  to  look  for  the 
cause,  we  found  a  hole  in  the  ground  and  in  it  a  bail  of  light* 
We  retired  to  a  distance,  fearing  it  would  explode  and  harm  us. 

"♦  Una  hola  de  lumbre:' 
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LookJDg  np  to  the  sky  we  ajtw  from  time  to  time  exhalations  or 
Stan,  which  Boon  went  out,  bat  without  noise.  We  returned 
after  a  little  aod  foand  in  the  hole  a  hot  stone,  which  we  conld 
barely  handle,  which  on  the  next  day  looked  like  a  piece  of  iron ; 
all  night  it  rained  stars  but  we  saw  none  fall  to  tne  ground  as 
they  seemed  to  be  eztineuished  while  still  very  high  up.' 
^  "The  above  is  the  simple  recital  of  the  ranchman,  and  the 
uraoolite  which  fell  is  the  one  I  send  to  you.  From  the  numer- 
ooB  questions  I  have  asked  Sr.  Mijares,  I  am  convinced  that  there 
was  no  explosion  or  breaking  up  on  falling.  Others  who  saw 
the  phosphorescercc,  etc,  were  Luz  Slfuentes,  Baacoal  Saenz, 
Hignel  Martinei,  Justo  Lopes  and  some  whose  names  I  have  not 
obtained. 


Map  ol  Haupil,  Heiioo,  and  vidnit}'. 

"Upon  visiting  the  place  of  the  fall  (see  accompanying  map  of 
the  northern  section  of  Mazapil  in  the  State  of  Zacatecas)  I  was 
particnlar  to  examine  the  earth  in  and  around  the  hole,  and  by 
carefDl  search  and  washing  the  earth  I  found  a  few  small  bits  of 
iron,  which  must  have  become  detached  from  the  nranolite  when 
it  penetrated  the  earth.  •, 

"  The  hole  was  thirty  centimeters  deep.  Probably  the  light 
which  was  seen  came  from  the  volatilization  of  the  surface  of  the 
oelestial  body  due  to  the  high  temperature  acquired  by  friction 
with  the  atmosphere,  and  of  this  volatilized  matter  falling  to  the 
earth  as  an  incandescent  powder." 

The  above  oommnnioatioD  was  followed  by  an  account*  of 

•  IW  rbn  text  of  which,  iM  AniuUs  of  H.  Y.  AomLSoL,  tor  1887  (nowinprew). 
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the  observation  of  the  Biela  meteors  at  Zacatecas  by  Professor 
Bonilla  and  his  assistants. 

The  locality  of  the  fall  is  situated  in  latitade  31°  36'  North 
and  in  longitude  101°  56'  45"  West  of  Greenwich. 

That  DO  explosion  was  heard  when  this  iron  fell,  is  paralleled 
by  the  account  of  the  fall  of  the  Gfty-aiz  pound  aerolite  near 
Wold  Cottage,  Yorkshire,  England,  on  Dec  18th,  1796.  "  This 
atone  fell  within  ten  yards  of  where  a  laborer  waa  at  work. 
No  thunder,  lightning,  or  lunainoua  meteor  accompanied  the 
fall ;  but  in  .two  of  the  adjacent  villages,  the  sounds  were  so 
distinct  of  something  passing  through  the  air  towarda  Wold 
Cottage  that  several  people  went  to  see  if  anything  extraordin- 
ary bad  happened  to  the  house  or  the  groaods."  (L.  Fletcher, 
An  Introduction  to  the  study  of  Meteorites,  1886,  p,  23).  Con- 
cerning the  aerolites  which  fell  at  11.60  A.  M.,  od  Jane  38, 


MaMpil  Meteoric  Iron. 


1876,  at  Stalld.ilen,  in  Sweden,  "it  is  remarkable  that  no 
meteor  was  visible  at  the  place  where  the  stones  fell,  though 
it  was  seen  over  nearly  all  Sweden." 

The  surface  of  the  Maznpil  iron  is  of  great  interest  The 
deeply  hollowed  depressions  entirely  cover  the  mass  (see  Hgure 
1).     A  thin  black  crust  coats  the  surface,  and  exbibils  well 
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the  striffi  of  Sow,  as  seen  on  meteorites  whose  fall  has  been 
observed.  In  eleven  places  nodules  of  graphite  are  noticed 
extruding  from  the  anrfuce  (the  engraving  shows  some  of  these), 
one  of  them  is  nearly  an  inch  in  diameter.  Thegruphite  is 
very  hard  and  apparently  amorphous;  troiliteand  schreibersite 
were  noticed  on  a  section  out  off  for  analysis  and  for  the 
development  of  the  figures  of  WidmanstStten.  The  crystalline 
struoture   (fig.   2)    is    well  3 

shown  in  the  engraving 
(Ives'  process)  which  is  of  I 
natural  size.  The  lines  are  | 
somewhat  similar  to  those  I 
of  the  Bowton  iron,  in  their  I 
width  and  distribution,  and  I 

are  very  unlike  the  known  I 

Mexican  irons  from  Toluca,  ^^H|&|^^YTr^.'* 
Durango,  Coabaila,  etc.        H|^^HH''^il!^ 

In  its  larface  and  general  ^^^^ 
flatDus,  the  mass  bears  a  ' 

remarkable  resemblance  to  Sectton  of  Muapil  Meteoric  iron 

tbeHraaohina,  Agram  iron*  (oBturai  aiw.) 

wh»^fen  ICay  26th,  1761.  In  its  weight  it  is  nearly  like  the 
IrooHtCBoWtonfTi  lbs.),  Charlotte  (9i  lbs.),  Yictoria-west  (6 
lbs.  6  p».\  and  Nedagolls  (9}  lbs.),  which  were  alt  seen  to  fall. 
Mr.  4^  B.  ICaokintosh  has  kindly  analyzed  a  small  fragment 
wteb  tbefollowing  results,  which,  for  comparison  with  other 
moa,  aeen  to  fidi,  I  have  placed  in  tabular  form : — 

HuapU.  Roirtoii.  Charlotte.  EitherTiU«.t 

Uackintoah.  Flight.  Scnith.  Smith. 

Iron 91-26  91*26  9M5  92-00 

NiAel 7-848  8-SB2  8-05  7-10 

Cobalt 0-653  0-371  0-72  «-«9 

ThosphoniB  ..          0'80            006  0112 

100-068  100-203  9998  99902 
Carbon  is  distributed  all  through  the  iron  between  the  crystal- 
line platea,and  it  is  noteworthy  that  this  element  wa.s  observed 
with  the  spectroscope  as  present  in  the  "  Bielids  "  of  Nov.  27lh, 
1886.  Chlorine  is  aino  present  and  shows  itself  liy  a  slight 
superdcial  deliquescence.  Of  this  latter  I  will  state  thiit  most 
of  the  surface  oxidation  of  the  ferrous  chloride  hus  occurred 
since  August  last.  As  yet  no  tests  have  been  made  to  amer- 
tain  the  amount  of  occluded  gases,  or  to  analyze  the  graphite 
nodules,  and  it  is  probable  that  such  analyses  give  only  results 

*  See  Beytiage  zur  Oeschicbte  und  KenntnlBs  meteariacher  Stein'  und  Metal- 
UMMn,  bj Dr.  Carl  von  Schreibera.  Wien,  IS30,  plate  VIII. 

fPell  il*,j  10,  I8T9  and  coniains  embedded  nodules  of  nickeliteroua  iron  «ur- 
rounded  by  silicatea. 
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similar  to  those  already  obtained.  Over  the  mass,  where  the 
crust  has  been  accidentally  removed,  the  lines  of  crystallization 
(Widmanstatten  figures)  can  readily  be  traced  without  etching 
the  surface.     The  abrasion  due  to  impact  was  very  slight. 

In  conclusion,  we  cannot,  from  the  very  circumstantial 
account  of  the  fall,  which  in  several  paticulars  contains  hereto- 
fore unrecorded  observances,  and  the  corroborative  evidence  of 
the  iron  itself,  decline  to  receive  this  meteorite  as  the  ninth 
recorded  fall  of  an  iron  mass  to  the  earth ;  and  perhaps  at 
another  period  of  the  November  "  Bielids,"  this  fall  will  be 
confirmed  in  all  its  interesting  details.  The  interest  connected 
with  this  meteorite,  because  of  its  beautifully  marked  and  fresh 
surface,  is  enhanced  by  the  concurrence  of  the  time  of  its  fall 
with  the  shower  of  the  Biela  meteors. 

I  wish  to  express  here  my  deep  obligation  to  Professor 
Bonilla  for  the  interesting  data  concerning  this  meteorite,  and 
for  the  gift  of  the  meteorite  itself,  and  to  Mr.  Mackintosh  also, 
for  his  kind  interest  in  making  the  chemical  analysis. 


Art.  XXVI.— On  Observations  of  the  EoKpae  of  1887,  Am.  18, 
in  connection  with  the  Electric  Telegraph;  by  Professor  DAVID 
P.  ToDD,  M.A.,  Director  Amherst  College  Observatory. 

In  the  proceedings  of  the  American  Academy  of  Arts  and 
Sciences  for  1881,  at  page  859, 1  suggested  the  use  of  the  elec- 
tric telegraph  during  total  solar  eclipses,  and  showed  the  appli- 
cability of  the  proposed  scheme  of  observation  to  the  eclipse  of 
1882,  May  16.  Had  this  suggestion  been  adopted,  it  is  easy 
to  see  how  the  unique  discovery  of  a  comet  by  the  Egyptian 
observers  might  have  been  verified,  and  important  data  obtained 
regarding  the  orbit  of  an  object  now  lost  Interesting  as  such 
data  would  have  been,  however,  they  have  slender  importance 
in  comparison  with  the  results  in  solar  research  possibly  attain- 
able through  the  adoption  of  the  proposed  method  of  telegraphic 
transmission  of  important  observations  eastward  alon^  the  path 
of  central  eclipse.  In  the  same  paper,  I  alluded  to  the  eclipse 
of  the  coming  summer  as  afibrding  the  most  auspicious  oppor- 
tunity of  the  present  century  for  the  application  of  the  tele- 
graphic method,  and  it  may  be  hoped  that  an  attempt  will  be 
made  toward  getting  something  out  of  the  suggestion  on  this 
occasion,  as  I  learn,  in  a  late  letter  from  Dr.  S.  van  Glasenapp, 
Professor  of  Astronomy  in  the  Imperial  University  of  St 
Petersburg,  that  the  Russian  telegraph  service  may  be  expected 
to  give  the  use  of  its  lines  at  this  time  for  astronomical  pur- 
poses. Accompanying  his  letter,  Dr.  Qlasenapp  sends  also  the 
subjoined  list  of  possible  observing  stations  where  telegraphic 
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>minunicaiioa  is  at  hand.  By  plotUntr  tlieee  upon  a  map,  anyone 
lay  see  the  remarkably  close  coincidence  of  the  path  of  totality 
ith  the  exb^nded  lines  of  the  Buasian  overland  telegraph. 


(Th«  plaoM  marked  witb  &□  asteriek  *  lie  very  near  the  oeatral  line.) 


PUc*. 

R.IM.  X.loa(. 

" 

flue. 

H.Ut.  X.IODK. 

1.  Tdikije  Loukl 

66*21' 30-30' 

46 

Voskresenskoe, 

68*53' 45*22' 

1.  Toropete, 

56  29  30  38 

•47 

fSlX 

51  61    46  48 

•3.  B«loi, 

55  53  aO  56 

48 

57  18    41  63 

t  Sylchefka, 

G6  50  34  11 

49 

Koteluiicb, 

68  18    48  23 

•S.  R(ew. 

56  16  34  20 

60 

Orloll, 

58  32    48  66 

'8.  Zoubxoff, 

56  10  34  35 

51 

Viatka 

58  38   49  41 

'T.  SlariZB, 

58  3t   34  66 

52 

Nolmak. 

51  33    49  66 

8.  Kjatak, 

GS  33  35    0 

63 

Slobodakoi, 

D.  Tor|ok,t 
0.  Twer, 

GT     3  34  GT 
56  22  35  56 

54 

•56 

Glaaoff,                        58    8    52  41 

2.  UojalBk, 

3.  ROUKB, 

56    2  35  51 
65  31   36  11 
54  42  38  13 

66 
57 
5S 

Debeasy, 
Ohanak, 

67  38  64  0 
67  43    56  23 

4,  Klinn, 

5.  Karlcbeva, 

66  20  36  44 

56  41  36  61 

69 
•60 

KooDgoor, 
Chooasowaia, 

61  26    56  68 

68    1    61  30 

fi.  Dmilrott, 
7.  KHshion, 

58  21  37  31 
G7  22  31  31 

•61 
•62 

Cooihwinaky  ZaTwl,  68    I    69  12 

51  15  37  53 

Verline-Toofiu>?kj 

9.   AJeiandroff, 

0.  PereiaBUwl-Saleaky 

68  a*  ac  44 

66  43  38  49 

•63 

Zavod, 

Nijne-TooriEaky 

ZavcMi. 

68  30  69  30 
68  40   69  45 

;l.  KirJBlch. 

66  10  3S  52 

64 

Nijne-Ta(rilBkyZBV0d,r,8    3   60  19 

M.   PetrawBk, 

61     1  39  16 

66 

56  61    60  48 

!3.  Boslofl, 

14.  Turieff-PodolBky, 

!5.  TaroelBwl, 

51  1 1    39  35 
58  21   39  41 

61  31  39  51 

86 
61 
•68 

Trbit 
Tobolsk,' 

61  30  63  0 
58  3  63  40 
68  1-    68  13 

!6.  G«wriloK-iky  Poaaad,  56  30  40  41 

63 

Tomak, 

56  30    64  56 

n.  SoukUI, 

68  25  40  2! 

70 

Kolgonakaias 

66  26    86  10 

18.  Pieaowo, 

67  11  40  30 

19.  NarebCu, 

57  28  40  34 

71 

Uariiaak, 

56  IS    87  44 

10.  Lejneff, 

66  41  41  IS 

•72 

Alcbioak, 

66  16    90  30 

•73 

Eraanoiarak, 

11.  K-Klroma, 

67  46  40  56 

•74. 

Ooiarakaia.   . 

64  60    94  20 

33.  TMDoff.VosoeBenBk, 

66  50  41  24 

76 

Kaaak, 

66  12    95  39 

33.  Kowrofl, 

58  23  41  18 

34.  Shouia, 

56  61   41  23 

BiruaiDakaia, 

54  60    97    5 

35.  PleB», 

67  21  41  33 

77 

Nijne-aodiuak, 

64  55    99    3 

38.  SoiidiHlafr, 

38.  TurieweB-MolBky 

57  53  41  42 
57  28  42  10 
67  19  i3    8 

79 
79 
80 

64  40  99  63 
54  10  too  3D 

53  10  102  15 

39.  Poutcheji, 

66  59  43  11 

81 

Trkootak, 

52  16  104  16 

to.  Eatouuki, 

56  50  43  15 

82 

53  45  106    0 

41.  Qorodez. 

42.  Hakarieff  m  Ounge, 

43.  Semenoir, 

68  39  43  29 
67  63  43  49 
56  41  44  29 

83.  CabBoakw, 

84.  VerhneoodiuBk, 

85.  CooUkala, 

63  2  108  15 
61  50  107  .S5 
52  12  109  41 

44.  Bakl, 

67  10  45    0 

Poasiet. 

42  65  120  40 

a.  VamawiDD, 

67  23  45    3 

81 

42  50  130  60 
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To  this  already  very  long  and  favorable  list  of  places,  we 
might  add  several  stations  in  Japan,  at  which  tel^rapbic  cod- 
nection  might,  by  suitable  prearrangement,  be  without  doubt 
secured. 

As  Dr.  Olflsenapp  remarks,  the  coming  eclipse  will  afford  i 
good  occasion  for  astronomers  to  observe  the  pheDomeaa  ia 
cooperation,  and  this  cooperation  may  become  very  extended, 
if  the  telegraph  is  used  in  the  manner  proposed. 


Art.  XXVII. —  On   two   new   Meteorttea  fiom  OarroU   Cbun^i  ■ 
Xenlucky,  and  Ckitorze,  Mexico;  by  GboroB  F.  KdnZ. 

Two  meteorites  have  recently  come  to  me  for  desoriptioC* 
which  are  of  more  than  ordinary  interest,  both  on  account  c:^ 
their  peculiar  composition  and  structure,  and  alao  because  (^ 
their  ethnological  relations.  The  masa  from  Carroll  Coont^^ 
Kentucky,  is  especially  interesting  because  of  its  probable  con^ 
nection  with  the  meteoric  iron  found  in  the  Tdroer  mounds. 

1.  OarroU  County,  Kentucky,  MeieorUe. — In  thesprine  oFlSSS' 
Professor  F.  W.  Putnam  found  on  the  altar  of  moand  Na  3  o^-* 
the  Turner  group  of  mounds  in  the  Little  Miami  Tallejr,  Ohio^ 
several  ear  ornaments  made  (see  fig.  1)*  of  iron  and  asveral' 
1.  others  overlaid  '  with    iron  > 

With  these  were  alao  foonc:: 
a  number  of  sep&nte  pieoe^ 
that  were  thought  to  m  v^ 
iron.       They    were  oovvad ^ 
with  cinders,  charcoal,  pearis 
I  (two  bushels  were  fonod  iB 
[  this  group  of  moands), . and 
I  other  material  cemented  by 
'  an   oxide  of   iron,   sbowing 
that  the  pieces  bad  been  sub- 
jected to  a  high  temperature. 
On   removing  the  Hcale  Dr. 
Kennicutt  found  they   were 
made  of   iron  of    meteoric* 

Earring  msde  of  Meteoric  Iron.  origin.f       One  of   the  pieces 

weighed  28  and  another  52  grams. 

In  the  autumn  of  18S3,  another  mass  was  found  on  the  altar 
of  mound  No.  4  of  this  same  group,  which  weighed  767-5 
grams  (27i  oza.).  Dr.  Kennicutt  suggests  that  these  were  all 
parts  of  some  larger  meteoric  mass.     The  results  of  the  inves- 

•  I  am  indebted  to  Prnfessor  Putnam  for  the  cuta  from  which  flgur«B  1  and  S 
are  printed,  na  oIbo  for  the  iiiforniBtion  ho  has  kindly  furnished  ms. 
t  l&'ll  Report  of  PeitYx>d;  Uuseum  of  Archieology,  p.  382. 
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'ligation  were  published  in  connection  with  the  description  of 
%be  Atacama  meteorites,  because  in  atrncture  they  approached 
KDore  closely  to  the  latter  than  to  those  of  any  other  occurrence. 
3n  the  Liberty  group  of  mounds  in  the  same  valley,  Professor 
Putnam  found  a  celt  five  inches  long,  and  in  another  of  the 
Turner  mounds,  an  ornament  five  inches  long  and  three  inches 
wide,  made  also  of  this  same  meteoric  iron. 

It  was  not  until  after  the  above  masses  had  been  found  that 
the  Carroll  County  meteorite  was  brought  to  my  notice;  after 
«  careful  comparison  I  have  reached  uie  conclusion  that  the 
irons  from  the  Ohio  mounds  and  the  Carroll  County  meteorite 


OoiTOll  Conntf  Usteorite,  upper  aide,  ^  natural  size. 

probably  belong  to  one  and  the  same  meteoric  fall.  Either  the 
former  was  broken  from  the  main  mass  by  the  mound-builders 
or  they  were  all  fragments  of  the  same  fall  scattered  as  were 
the  Estherville  meteorites,  or  as  suggested  by  Dr.  J.  Lawrence 
Smith,  those  of  Coahuila,  and  further,  by  Huntington,*  the 
Sevier,  Cocke  County,  and  Jenny's  Creek  irons. 
*  Tbis  Journal,  lU,  xiziii,  p.  116. 
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The  Carroll  Coant;  meteorite  was  found  in  1880,  about  f  of 
a  mile  from  Eagle  Station,  Carroll  County,  Kentucky,  ten 
miles  from  the  mouth  of  the  Kentucky  River  and  about  xeven 
miiea  in  a  direct  line  from  both  the  Kentucky  and  the  Ohio 
Rivera.  The  distance  to  the  Turner  mounds,  where  Professor 
Fatnam  fouod  the  meteoric  iron  and  the  ornaments  made  of  it, 
is  about  60  miles.  The  mass,  which  weighs  abont  80  lbs.  or 
366  kilos  (figa.  2  and  3),  is  almost  square,  meaauring  19* (7^ 


Carroll  Countj  Meteorite,  lower  side,  \  natural 


inches)  in  thickness,  22™  (10  inches)  in  width  and  29™  (12 
inches)  by  2!)™,  12  inches  in  length.  The  surface  is  rusted  in 
some  places  to  a  depth  of  10  to  12""°,  and  deep  pita,  some  2™" 
across,  are  observed  in  spots  where  grains  of  olivine  have  prob- 
ably droppc<l  out.  All  of  ilie  original  crust  has  disappeared. 
The  mass  is  largely  made  up  of  fine  yellow,  transparent  olivine, 
resembling  closely  that  of  the  famous  Pallas  iron.  This 
meteorite  belongs  to  the  siderolites  or  "  syssidfires"  of  Daobr^e, 
and  the  Pallasile  group. 

Figure  4  shows  three  sections  of  the  Carroll  County  mass,  the 
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SectioDS  of  tlie  Carroll  Coud^  UeKorita.     Natural 


;bt  portions  repreaentJDg  the  iron  and  the  dark  porlions  tbe 
iTine.  Figure  5  shows  a  similar  section  made  by  Dr.  L. 
ennicutt,  «  the  Turner  Mound  mass.    The  specifio  gravities 


c  the  three  sections  figured  are  given  below,  with  those  of  the 
•■  tacama  and  Tamer's  Mound  meteorites. 

No.        Carroll  County.  Turner's  Mound.  Atacaoia. 

I 4-21    )  mean  4  72  4':)5 

3.... 4-66    P*' 

-aking  the  specific  gravity  of  the  iron  at  7'6,  and  that  of  the 
livine  at  S-3,  we  find  that  all  of  these  meteorites  consist  of 
■bout  three  parts  of  olivine  to  one  part  of  iron.  The  iron  in 
be  Carroll  County  meteorite  is  scarcely  more  than  sufficient  to 
lold  tbe  mass  together  securely,  as  the  olivine  is  in  so  much 
irger  crystals  than  in  the  Atacama  meteorite.  On  etching, 
mall,  fine  Widmanstfittea  markings  are  produced.  By  re- 
Am,  Joub.  Sci.— Third  Bbkibs,  Tol.  ZXZIII,  No.  195.— ICabcb,  188T. 
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fleoted  light  minute  crystals  of  bronzite  can  easily  be  recog- 
nized, and  analysis  showed  the  presence  of  chromite  in  fine 
grains  and  a  very  small  qaantity  of  schreibersita  The  analy- 
ses of  the  olivine  and  iron  were  kindly  famished  by  Mr.  James 
B.  Mackintosh  of  Lehigh  University.  The  sample  of  the  iron 
taken  was  selected,  as  he  states,  as  carefally  as  possible,  to 
ensure  parity,  bat  it  was  foond  impossible  to  free  it  entirely 
from  earthy  matter.  The  sample  of  olivine  was  also  somewhat 
contaminated  with  foreign  matter. 


Olivine. 
SiO, 

Mg6 
FfO 
AlnO,  CoO 

1. 

37-90 

41-65 

19-66 

0-4-2 

la. 
G.=3-47. 

39-36 
[4 1  -83]* 
18-81 

■ 

Fe 

Xi 

Co 

P 

SiO, 

MgO 

C£iromite 

Bv  difference. 

S. 

fetaUicPtoH 

73-44  or 
14-27 

0*95 

0-05 

4-23 

4-69 

0-90 

(km. 

Fe 

Ni 

Co 

P 

Olivine 

Chromite 

7173 
14-2T 
0-93 
0-O5 
11-13 

o-oo 
99-0-: 

99*63 

100-00 

« 

98-53 

The  balance  in  the  last  analysis  is  oxygen  Id  the  form  of  i 
oxide,  and  undetermineil  constituents.     For  the  pare  meta 
portion  we  obtain  then  A  l>eIow,  or  B  on  the  assumption  t 
the  deiicieney  in  the  analysis  is  chiefly  oxygen  combined  w 
irv^n  as  magnetic  oxide. 


A. 

Fe 

^-2-45 

Ni 

16*40 

C> 

1-09 

V 

005 

1 00-00 


B. 

Sl-9-2 

16-90 

112 

006 

100-00 


For  ootnjwrisoK.  analyses  of  the  olivine  and   iron  from 
Tumor  mound  and  Ataeama  meteorites  are  added. 


TurmM" 

Mvnuul  * 

A:aor»2-.a> 

i;.= 

:.i  .Mb. 

,-      -■'  •*■» 

SiO 

40-0'J 

I'VO 

I  lOil 

Fo^O,       1 7*21 

MnO 

010 

yUX\       1S9 

M-o 

4.\liO 

...".        43v>0 

Iron. 


Turner 

Mound.* 

AtacsfcH^* 

Fe 

69-i»0 

e.^  '^^ 

Ni 

10-65 

1  0'^^ 

Co 

0-45 

O'TO 

Cu 

tr. 
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2.  Oalorze  meteorite. — The  Catorze  mass  (fig.  6),  weighmg^92 
Ibe.,  waa  found  b;  a   miner  near  Catorze,  San  Lais  Fotosi, 


Mexico,  in  1885.  It  is  SI'S™  (12*  inches)  long,  34-5™  (I3f 
inches)  wide,  and  20™  (8  inches)  thick.  It  shows  beautiful 
^*'8ed  octahedral  markings.  On  one  side  an  opening  9™  (3J 
I'^ches)  long  has  been  made,  and  ii  piece  of  a  chisel  of  native 
f^pper  left  wedged  in  it  {fig,  1).  This  piece,  which  is  partially 
covered  with  oxide  of  copper,  ia  22"™  (J  inch)  long  on  one  aide, 
3S""  (ij  inch)  on  the  otner,  and  14°™  wide. 
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Catorze  Meteorite,  sbowing  copper  cbieel  (e) ;  natural  aise. 
Thia  iron  is  one  of  the  Caillite  group  of  Stanilss  Meun 
and  shows  the   W idmanstatteD   linea  very  finely  (see   fig. 


Catorzi-  Ucteorito.  Widniaastatten  Figures;  natural  Bite. 
It  resemblL-s  the  irons  of  Augusta  County,  Virginia,  of  Glori. 
Mountain,  and  others  of  this  group.    No  troilite  was  obaerr. 
the  muss  hnsing  been  cut  very  little,  and  schr^ibeisito  is  oi 
Bparingly  preaenL 
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The  specific  gravity  of  the  piece  was  found  to  be  7*509,  the 
inal^sis  by  James  B.  Mackintosh,  E.M.,  of  Lehigh  University, 
hi  given  below.  To  this  are  added  analyses  of  masses  found 
Bt  to  Catorze,  since  G.  Y.  Bc^ulawski  suggests  that  per* 
the  Charcas,  Zacatecas  and  Durango  irons  were  all  parts 
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'^mUerSMier.  K.  Akad.  Wiss.,  zz,  217.    *  Meunier,  EncycL  Ghim.,  ti,  118. 

Bel  Hiof  mentions  that  two  of  his  pupils  found  above  the 
Blanca  Estate,  native  iron  in  a  conglomerate  rock  in  a 
from  one  to  two  fingers  in  width.  Burkart:|:  says  that 
be  MW,  in  the  possession  of  Sefior  Chialiva  in  Zacatecas,  a  mass 
of  meteoric§ '  iron  weighing  between  ten  and  twelve  pounds 
Ihftt  was  said  to  have  been  found  in  the  vicinity  of  Catorze — 
(ir  rather  Alamos  de  Catorze  as  it  is  known — which  is  in 
San  Luis  Potosi,  about  200  miles  southwest  of  Durango,  40 
miles  north  of  Charcas,  and  840  miles  north  of  Toluca.  There 
is  also  in  the  Museo  Nacionale  of  the  City  of  Mexico  a  mass|| 
«veighing  576  kilos  which  was  found  at  Descubridora  in  San 
Luis  Potosi ;  it  was  described  in  1878. 

The  well-known  Charcas  mass,  weighing  780  kilos,  was 
found  in  the  corner  of  the  church  at  Charcas,  San  Luis  Potosi, 
Bfexico,  by  some  French  soldiers  and  taken  by  them  to  Paris 
n  1866.  This  mass  was  first  mentioned  by  Sonnenschmid,Tf 
ind  afterwards  by  Humboldt.**  From  all  appearances,  how- 
3ver,  I  am  inclined  to  believe  that  the  iron  now  under  consid- 
eration is  a  new  and  distinct  fall. 

*  Pogg.  Ann.,  iv,  1,  1854.       \  Tablas  Mineralogicas,  vol.  i,  p.  57  ;  ii,  p.  40. 

i  Neues  Jahrbuch  fiir  Mineralogie,  1856,  p.  286. 

§  Perhaps  part  of  the  iron  here  described,  since  it  showed  an  old  break  on  one 
tide. 

I  A  specimen  of  this  iron  in  the  Yale  University  Collection,  received  from  Pro- 
esflor  Baroena  is  accompanied  by  a  copy  of  an  analysis  by  P.  Murphy,  as  fol- 
ows:  Fe  89-61,  Ni  8*06,  Co  1-94,  S  0*43,  Cr  and  P  0-95  =  100.— Eds. 

^  Berg.  Rev.,  Mexico,  p.  228,  1804. 

Esaai  Politique,  Paris,  1811,  vol.  iv,  p.  107. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  On  the  production  of  Fluorine  by  the  electrolf/sis  of  Hydro- 
gen Fluoride, — Id  June  last,  Moissan  commanicated  to  the  French 
Academy  the  results  which  he  had  obtained  by  submitting  liquid 
hydrogen  fluoride  to  electrolysis.  The  anhydrous  liquid  was 
contained  in  a  V-tube  of  platinum  cooled  to  —50°,  and  the  carrent 
needed  was  supplied  by  50  Bunsen  cells.  Hydrogen  was  evolved 
at  the  negative  electrode,  and  there  appeared  at  the  positive 
electrode  a  gas  having  the  following  properties  :  In  contact  with 
mercury  it  was  completely  absorbed,  forming  yellow  mercuroQS 
fluoride ;  with  water,  it  formed  ozone ;  phosphorus  spontaneoiulv 
inflamed  in  it,  forming  phosphorus  fluorides;  sulphur  heated  and 
melted;  carbon  had  no  action;  fused  potassium  chloride  was 
attacked  in  the  cold,  evolving  chlorine;  crystallized  silicium, 
carefully  purified,  took  fire  in  the  gas,  producing  silicium  fluoride. 
The  positive  electrode  of  platinum-iridium  was  corroded,  while 
th(^  negative  electrode  of  platinum  was  not  affected. 

In  a  second  paper,  the  author  gives  the  details  of  subsequent 
experiments.     The   hydrogen   fluoride    was  obtained    pure  and 
anliydrous  by  heating  hydrogen-potassium  fluoride  in  a  platinam 
alembicy   ana   collecting    the    product    in    a  platinum  receiver 
immersed  in  ice  and  .salt.    'In  this  way  a  colorless  liquid  was 
obtained,  boiling  at  19*5°,  very  hygroscopic  and  fuming  strongly 
in  the  air.     The  platinum  V-tube  used  for  the  electrolysis  earned 
a  small  evolution  tube  near  the  top  of  each  limb.     Its  ends  were 
closed  by  stoppers  of  fluorite,  through  which  passed  platinum  rods 
to  serve  as  electrodes;  that  on  the  positive  side  being  alloyed 
with  ten  per  cent  of  iridium.     This  V-tube  was  placed  in  a  glass 
jar  and  surrounded  with  methyl  chloride.     The  liquid  hydrogen 
fluoride  was  then  transferred  to  it,  the  methyl  chloride  boiling 
quietly  at  —23®,  and  the  current  of  20  Bunsen  cells,  having  *^ 
ammeter  in  circuit,  turned  on.     If  a  trace  of  water  be  present, 
ozone  is  at  first  evolved;  and  then  as  it  disappears,  the  resistance 
of  the  liquid  rises ;  so  that  the  current  ceases  when  it  becon^^ 
anhydrous.     A   small   quantity   of  hydrogen-potassium  fluoti^* 
must  therefore  be  added;  and  then  the  evolution  of  gas  is  o^^' 
tinuous  and  regular.     At  the  positive  electrode  this  gas  is  col^'* 
less,  and  silicium  takes  fire  and  burns  brilliantly  in  it,  as  d^ 
adamantine  boron,  arsenic,  antimony,  sulphur  and  iodine.     'T"® 
metals  also  burn  in  it  but  less  actively.     Organic  matters    ^ 
violently  attacked  by  it.     A  fragment  of  cork,  near  the  deliv^'T 
tube,  took  fire,  and  alcohol,  ether,  benzine,  turpentine  and  pe*^^ 
leura  are  at  once  inflamed  on  contact  with  it.     The  gas  combi^^ 
with  hydrogen  spontaneously  in  the  cold  and  with  detonati^^ 
Since  direct  experiment  showed  that  neither  ozone  saturated  ^*^ 
hydrogen  fluoride,  nor  hydrogen  fluoride  itself,  would  prod     "^ 
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these  results,  and  that  chlorine  was  entirely  absent,  the  conclasion 
is  that  this  gas  is  either  flaorine  itself  or  is  a  higher  fluoride  of 
hydrogen. 

In  a  third  paper,  Moissan  describes  the  production  of  this  ^as 
by  the  electrolysis  of  carefully  dried  hydrogen-potassium  fluonde 
kept  in  fusion  at  110*.  But  the  apparatus  is  rapidly  attacked. 
In  electrolyzing  the  liquid  hydrogen  fluoride,  a  yield  at  each 
electrode  of  from  one  and  a  half  to. two  liters  of  ^as  per  hour,  is 
readily  obtained.  To  test  the  question  whether  this  gas  contained 
hydrogen,  it  was  passed  over  red-hot  iron.  The  delivery  tube 
was  connected  first  with  a  platinum  tube  containing  dry  potas- 
sium fluoride,  to  absorb  any  hydrogen  fluoride ;  and  second,  with 
a  similar  tube,  also  20^  long,  containing  a  bundle  of  iron  wires 
and  previously  tared.  To  the  end  of  this  tube  is  attached,  by  . 
means  of  a  rubber  joint,  first  a  test  tube  and  then  a  flask  both 
inverted  and  filled  with  pure  carbon  dioxide.  The  liquid  hydro- 
gen fluoride  is  cooled  to  —50*  by  passing  a  rapid  current  of  air 
through  the  surrounding  methyl  chloride,  and  the  current  is 
turned  on.  Immediately  the  platinum  tube  containing  the  iron  is 
raised  to  incandescence  by  the  chemical  action  going  on  within 
it,  the  form  of  the  brilliantly  burning  wires  being  visible  through 
the  walls.  After  ten  minutes,  the  operation  was  closed  and  the 
tube  weighed.  The  iron  was  found  as  while  crystallized  fluoride, 
and  on  examining  the  collected  gas  remaining  after  absorption 
>f  the  CO,  by  potassium  hydrate,  it  was  found  to  be  only  the  air 
^hich  the  platmum  tubes  had  contained.  On  the  negative  side 
'8***^  of  hydrogen  was  collected,  weighing  0*006942  gram.  Multi- 
>lying  this  by  19,  to  give  the  corresponding  weight  of  the  fluorine 
lisengaged,  gives  0*132  gram;  the  increase  in  the  weight  of  the 
ron  having  been  0*130  gram.  Hence  the  gas  obtained  must  be 
laorine. —  C,  R.y  cii,  1543;  ciii,  202,  266,  July,  1886.        G.  p.  b. 

2.  On  Methods  of  avoiding  errors  due  to  polarization^  in  the 
ise  of  double  image  prisma, — In  order  to  measure  the  relative  inten- 
ity  of  two  images,  a  double  image  prism  is  often  employed. 
Two  images  of  A  and  B  are  thus  brought  near  together  and 
>olarized  at  right  angles.  These  images  are  observed  with  an 
malyzer,  which  is  attached  to  a  divided  circle,  and  which  allows 
.he  equalization  of  the  images.  When  the  original  bundle  of  rays 
iS  polarized,  the  photometric  measures  are  complicated,  since  the 
iouble  image  prism  acts  itself  as  an  analyzer  and  alters  unequally 
the  intensity  of  the  two  sources  of  light.  Thus  it  is  necessary  to 
make  a  preliminary  determination  of  the  amount  of  error  thus 
introduced.  M.  Cornu  believes  that  the  cases  in  which  the  bun- 
dle of  rays  are  partially  polarized  are  more  frequent  than  is  gene- 
rally supposed  and  gives  several  methods  of  avoiding  this  error. 
These  methods  are  simple  and  are  explained  in  detail  in  his 
article. —  Comptes  Rendua,  Dec.  20,  1886,  p.  1227.  J.  t. 

3.  JEtectromotive  force  due  to  the  Voltaic  arc. — Many  efforts 
iave  been  made  to  determine  this  contrary  electromotive  force ; 
but  the  results  obtained  bv  different  observers  have  not  been  concor- 
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dant.  Leo  Abons  bas  applied  to  this  problem,  with  certain 
modifications,  Cohn'p  method  for  the  measnrement  of  polarization 
in  flaids  (Wied.  Ann.,  ziii,  665,  1881),  which  in  general  terms  ie 
as  follows : — One  branch  of  a  Wheatstone's  bridge  contains  the 
polarizing  element  and  the  liquid.  In  place  of  the  latter  a  metal- 
lic resistance  can  be  interposed.  The  bridge  contains  a  galva- 
nometer and  one  coil  of  a  dynamometer,  while  the  other  with  the 
secondary  coil  of  an  induction  apparatus  forms  the  second  diago- 
nal of  the  parallelogram.  The  resistance  together  with  the  inter- 
posed liquid  are  so  arranged  that  the  dynamometer  gives  no 
indication  when  the  induction  coil  is  excited.  At  the  same  time 
the  deflection  of  the  galvanometer  is  read.  Then  the  liquid  is 
replaced  by  a  metallic  resistance  until  the  dynamometer  &g&in 
gives  no  indication,  and  the  galvanometer  is  again  read.  These 
observations  can  be  applied  to  a  simple  expression  which  gives  the 
contrary  electromotive  force  of  the  liquid.  Instead  of  the  liquid 
the  voltaic  arc  can  be  substituted.  In  preliminary  trials,  Arons, 
obtains  with  a  current  strength  of  3*4  amperes,  a  contrary 
electromotive  force,  in  the  electric  lamp  employed,  of  40*6  volts, 
together  with  an  arc  resistance  of  2*1  ohms.  With  4*1  amperes; 
the  contrary  electromotive  force  was  39*6  volts,  and  resistance  1*6 
ohms.  Arons  is  apparently  unacquainted  with  the  investiga- 
tions of  Professor  Cross  of  the  Massachusetts  Institute  of  Tech- 
nology upon  this  subject. — Ann,  der  Physik  und  Chemte,  No.  1, 
1887,  p.  95-99.  j.  T. 

4.  Gleneralization  of  the  Wheatstone  Bridge, — O.  Fbohlicb 
investigates  the  conditions  of  equilibrium  when  sources  of  electro- 
motive forces  are  interposed  in  one  of  the  branches  of  the  bridge 
or  in  one  of  its  diagonals,  and  shows  that  Mance's  method  is  only 
a  special  case  of  a  more  general  law ;  and  that  the  statement  in 
Maxwell's  Electricity  and  Magnetism,  vol.  i,  p.  411,  that  Mance'g 
method  is  the  only  one  in  which  the  current  of  the  cell  remains 
unchanged,  is  not  correct. — Ann,  der  Physik  und  Chemie,  No.  1, 
1887,  Dp.  156-161.  J.  T. 

5.  Un  a  nearly  perfect  simple  pendtdum, — Mr.  J.  T.  Bottomley, 
Qf  the  University  of  Glasgow,  suspends  a  small  shot  of  about 
^  of  an  inch  in  diameter,  by  a  single  silk  fibre  (half  a  cocoon 
fibre)  two  feet  long,  in  a  glass  tube  three  quarters  of  an  inch  in 
internal  diameter  and  exhausts  the  latter  to  about  one  tenth  of  a 
millionth  of  an  atmosphere.  Starting  with  a  vibrational  range  of 
i  inch  on  each  side  of  its  middle  portion,  the  vibrations  can  be 
easily  counted  after  the  lapse  of  14  hours.— PAt/.  Mdg.^  Jan., 
1887,  p.  72.  J.  X. 

6.  Acoustical  Investigations. — F.  Melde  continues  his  com- 
munications upon  his  acoustical  experiments,  with  an  account 
of  the  vibrations  of  bell-shaped  vessels,  together  with  the  move- 
ments of  fluids  which  they  may  contain.  Ingenious  methods  of 
studying  the  movements  of  the  fluids  are  given,  together  with  the 
figures  obtained.  In  certain  cases  a  thin  layer  of  petroleum 
covers  the  surface  of  the  water,  which  fills  the  vessel ;  in  other 
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osaes  light  powder  is  sprinkled  apon  the  water.  The  bell-shaped 
v-«fl8els  are  set  with  vibration  in  various  ways. — Ann.  der  Phyaik 
T*nd  Chemie,  No,  1,  1887,  pp.  161-189.  j.  t. 

U.   Geology  and  Mineralogt. 

1.  Silauea. — The  map  of  Kilanea  by  Mr.  F.  S.  Dodge  making 
Plate  II,  in  the  last  number  of  this  Journal,  is  reduced  to  one- 
fonrth  from  the  manuscript  map  received  from  Mr.  Alexander, 
Director  of  the  survey  of  the  Islands,  and  the  words  on  it,  "scale 
1:6O00"  should  b«  changed  to  1:24,000.  Plate  I  is.  reduced  to 
t;ivo-thirda  the  original ;  the  scale  is  1:18,000. 

The  writer  is  indebted  to  Prof.  W.  D.  Alexander  for  s  photo- 

S-aph  (an  outline  copy  of  which  is  here  given)  of  the  cone  within 
alema'uma'u  described  by  Mr.  Dodge  (p.  99.)  It  was  taken 
from  a  point  on  the  northeast  edge  of  the  pit  on  the  14th  of  last 
October,  a  few  days  after  he  finished  his  sorvey.  In  the  copy  the 
<ione  is  in  mere  outline  because  the  photograph  fails  to  give  any 
Burfaoe  details.  The  height  of  the  cone,  as  tne  figures  in  the  ex- 
planation of  the  map,  page  99,  indicate,  is  very  nearly  that  of  the 
■nrroDnding  floor  of  Kilauea ;  and  the  height  in  the  figure  shows 
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ha  he  view  son  okngdwnn  hep  whh  b  kn 
pahoehoe  flo  of  Ha  ema  nma  u  (be  w  n  e  wa  nd  he  on  ) 
m  the  foreground.  The  dotted  lines  indicate  the  positions  of 
vapor-streams  and  clouds  issuing  from  apertures  in  the  sides  of 
and  aboDt  the  cone;  above  it  only  vapors  are  indicated,  as  if 
those  of  the  inside  crater.  The  lower  wall  on  the  right  is  the 
wall  of  the  northwest  aide  of  Halema'nma'u. 

Mr.  Dodge,  in  a  letter  dated  January  14th,  states  that  the  cone 
is  made  of  broken  rock,  large  and  small  fr^ments,  derived  from 
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the  fallen  walls  of  the  pit  and  old  cones  within  it,  material  older 
therefore  than  the  lava  that  surrounds  it.  He  states  that  according 
to  observations  of  others  in  November  and  early  January  the  cone 
had  increased  in  height  so  as  to  be  one  hundred  and  perhaps  two 
hundred  feet  above  the  sides  of  the  pit,  instead  of  on  a  level 
nearly,  as  in  early  October;  moreover  the  activity  in  the  south- 
west part  had  increased  and  portions  of  the  southwest  wall  had 
fallen  in.  j.  d.  d. 

2.   The    Origin   of  Mountain   Ranges  eonsidered  experimen- 
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tally ^  structurally^  dynamically ^  and  in  relation  to  their  Geologi — 
col  History,  by  T.  Mellard  Rbade,  C.E.,  F.G.S.,  etc.,  360  pp^ 
&V0,   with   numerous   illustrations.     London,    1886.      (Taylor 
Francis).-  -The  chief  fact  on  which  Mr.  Reade  bases  his  theory  o\ 

the  origin   of   mountains   is  that  of  the  expansion  of  rocks  b^ 

increase  of  heat  From  his  own  numerous  trials  he  arrives  a*"  «.t 
1/190,192  as  the  mean  coefficient  of  expansion  for  1^  F.,  which  L 
equivalent  to  2*77  feet  per  mile  for  every  100*  F.  (which  he  taki 
at  2*75  feet).  The  special  mean  result  for  various  sandstones 
rived  at  by  the  author  was  1/178,825  ;  for  marbles,  1/184,797;  fc 
slates,  1/193,827;  for  granites,  1/203,322.  Mr.  Reade  observ^^Bs 
thai  as  expansion  downward  and  laterally  cannot  take  place,  tl^iaie 
whole  is  upward;  consequently  the  rise  of  surface  would  1  )€ 
3X2-75  =  8-25  feet  nearly.  Hence  a  crust  20  meters  thick  heal<  4 
1000°  F.,  which  would  expand  in  ea«h  direction  660  feet  (made  th 
amount  of  consequent  elevation  by  Lyell),  would  rise  1660  feel 
and  if  the  total  nse  went  to  form  a  ridge  having  a  base  one-teni 
of  the  total  area  heated,  the  whole  height  would  be  16,600  fee  3t. 
A  rising  of  molten  or  half-molten  rock  below  would  follow  t^^Sie 
rise;  and  the  tension  above  would  cause  great  fractures  and  tb_ -  "lis 
would  lead  to  great  denudation.  ♦  

Periods  of  increased  heat  have  alternated  with  those  of  dimS^n- 
ished  heat,  and  thus  may  have  come  contractions  as  well  as  exps^^i^n* 
sions,  and  so  alternations  in  conditions  and  in  catastrophes,  in  t- —  he 
same  mountain  region.     The  increase  of  heat  is  due  to  a  gre — 5!at 
increase  in  the  thickness  of  sediments  over  the  region, — the  p       tc- 
liminarv  stage  in  mountain  making,  as  first  suggested  by  Jancrrnes 
Hall,     ^his  cause  produces   a  rise   in   isogeothermal  lines   fr^cr)m 
below;  and  through  this  accession  of  heat  the  lower  beds  becou*"^ 
most  expanded.     Thence  come  uplifts,  fractures,  flexures,  fau^B-te, 
volcanic  outtlows,  and  the  mountain  range.     The  greatest  mo^c-jn- 
tain   elevations   have   taken   place   in   recent   times  because  t:>he 
Tertiary  and  Cretaceous  rocks  added  vastly  to  the  thickness       ^^ 
accumulations  over  lari^e  areas  of  the  earth's  surface. 

Mr.  Reade  in  illustrating  his  views,  and  opposing  others,  appi^^*^^ 
chieflj'-  to  North  American  rocks  for  his  illustrations  and  dw  -^^^^ 
especially  upon  the  Appalachians  of  eastern  America,  and  the 
Great  Basin  system  studied  by  Powell,  Gilbert  and  others.  .^  o^ 
western,  quoting  largely  from  American  reports  on  the  subj^^ots. 

As  regards  the  Appalachians  the  conditions  were  just  what=«^     *»^^^ 
theory  requires,  if  a  thickness  of  30,000  feet  of  rock  in  a  ^^iuk- 
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im^g  geoBvnclinal  trough,  with  such  additions  as  may  be  assumed 

£or  loss  by  degradation,  b  sufficient.    The  accumulation  began  in 

'^he  Cambrian,  and  ended,  according  to  the  present  state  of  facts, 

^vrith  the  Permian,  taking  for  its  completion  all  of  Paleozoic  time. 

Sapposing  the  thickness  of  the  deposits  made  to  have  been  50,000 

^eety  and  the  time  elapsed  during  the  making  50,000,000  years,  the 

xnean  rate  of  sinking  was  1  foot  m  1000  years.     The  isogeothermal 

j>lane  consequently  rose  at  the  mean  rate  of  1  foot  in  1000  years, 

&Md  the  expansion  through  the  rise  of  temperature  went  forward 

oorrespondingly,  so  far  as  was  possible.     At  this  rate  the  heating 

And  the  expansion  continued  in  progress  during  the  50,000,000 

^rears  ;  and  still,  through  all  that  time,  sinking  continued  as  the 

xnean  result.    Such  a  rate  of  rise  in  the  isogeothermal  plane  is  so 

extremely  slow — a  thousandth  of  a  foot  a  year — that  it  is  hardly 

f probable  that  the  expansion  could  have  been  resisted  through  the 
ODg  era  to  appear  catastrophically  at  the  end  of  it ;  and  unless  so  it 
^would  seem  that  something  more  than  a  rise  in  the  isogeothermal 
plane  was  needed  in  order  to  make  the  deposits  into  a  mountain 
range. 

The  theory  of  mountain-making  brought  forward  by  Mr.  Reade 
does   not  explain   the   inequilateral   feature  of  most  mountains. 
Like  most  others  that  have  been  presented,  it  takes  little  note  of 
the  system  of  events  in  the  progress  of  the  globe  and  the  system 
of  structure  in  the  results  of  that  progress.     American  geological 
study  has  made  out  plainly  that  there  was  first,  in  the  continent, 
Archsean   ranges  of  elevations  of  one  or  more  epochs ;  that  on 
the  eastern  border  there  were  three  or  four  other  periods  in  the 
course  of  geological  time  when  other  ranges  of  elevations  were 
made,  but  all  parallel  in  general  and  often  in  special  trend,  with 
the  Archsean,  although  stretching  on  for  a  thousand  miles  or  more. 
The  facts  are  similar,  so  far  as  is  understood,  in  Western  America. 
Here  is  system,  w6rking  from  a  beginning,  under  some  continued 
method  of  progress,  ending  in  making  a  continent  of  systematic 
features.     Mr.  Reade  says  that  '^  Dana  looks  upon  the  development 
of  continental  land  as   analogous   to  animal  growth.^'     Nothing 
could  be  farther  from  the  truth ;  for  all  that  the  comparison  used 
by  the  writer  meant  was  that  there  was  systematic  progress,  in 
some  way,  as  much  so  as  in  animal  development.     There  is  system 
also  in  the  courses  of  the  feature  lines  of  the  globe,  which  courses 
are  as  far  removed  as  possible  from  meridional  as  required  by 
some   theories.      The  fact   that   the    writer  formerly   made  all 
these  results  to  depend  or  contraction  from  cooling  and  the  nature 
of  the  earth's  crast,  shows  that  the  accordance  with  animal  growth, 
was  only  accordance  with  the  universal  law  of  progress  or  de- 
velopment (Man.  Geol.,  p.  830).     What  theory  now  to  attribute 
the  results  to  he  does  not  know ;  but  he  believes  that  no  theory  of 
mountain-making  will  find  general  acceptance  that  does  not  take 
this  system  of  progress,  of  structure,  of  topographical  features 
into  consideration.     If  the  speculator  thinks,  like  Mr.  Reade,  the 
linear  arrangement  of  islands  of  little  importance,  let  him  consider. 
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instead,  the  great  depressions  of  the  ocean's  bottom  between  the 
lines  which  teach  the  same  great  truths  with  regard  to  the  earth's 
features. 

Mr.  Reade's  work  is  a  valuable  contribution  to  the  perplexing 
subject  of  mountain-making ;  for  the  principle  to  which  he  ap- 
peals has  greater  importance  than  has  been  supposed.  But  some- 
thing more  appears  to  be  needed  to  give  the  theory  full  sufficiency. 

3.  Skeleton  of  a  Whale,  found  over  130  years  since  in  the  iSt. 
Lawrence  River  VaUey^  near  Quebec, — ^A  letter  to  the  editors 
from  Professor  O.  P.  Hubbard  states  that  in  Kalm's  Travels  in 
North  America  and  Canada,  on  page  15  of  the  third  volume,  men- 
tion is  made  of  the  finding  of  the  skeleton  of  a  whale  some  French 
miles  from  Quebec  and  one  French  mile  from  the  River  St.  Law- 
rence, "  in  a  place  where  no  flowing  water  occurs  at  present."  The 
skeleton  was  of  considerable  size,  and  the  Governor  of  Fort 
Frederick  said  he  spoke  with  several  persons  who  had  seen  it. 
Ealm,  the  Swedish  botanist,  was  in  America  during  the  years 
1748  to  1751,  and  he  learned  the  fact  in  1750. 

4.  Geological  History  of  Lake  Lahontan^  a  Qtwtemary  Lake 
of  Northern  Nevada ;  hj  Israbl  Cook  Russell.  Volume  xi  of 
the  Monographs  of  the  U.  S.  Geological  Survey,  288  pp.  4to,  with 
4  plates,  the  last  a  folded  map,  1885.— An  abstract  of  Mr.  Rassell's 
results  after  his  first  season's  work,  published  in  the  third  Annual 
Report  of  the  Director  of  the  U.  S.  Geological  Survey,  has  been 
briefly  mentioned  in  a  former  volume  of  this  Journal.  The  final 
Report,  recently  issued  makes  a  volume  of  great  general  interest 
and  scientific  importance.  The  facts  relating  to  the  Lahontan 
Lake  basin  of  the  past  and  present,  its  terraces,  the  chemistry  of 
its  waters,  the  remarkable  tufa  deposits  of  the  terraces,  the  lake 
and  shore-made  beds  of  sand,  gravel  and  clays  (the  last  largely 
pumiceous),  the  life  of  the  varying  waters,  the  drying  up  of  the 
lake  with  the  climatic  changes,  and  the  later  Quaternary  oro- 
graphic movements,  have  alf  been  carefully  studied  and  a  large 
amount  of  instruction  drawn  from  them  for  physical  geography, 
geology  and  economical  science.  The  many  maps  and  plates, 
illustrating  the  volumes  are  excellent  The  descriptions  of  the 
thinolite  tufa  deposits  and  of  the  conditions  of  their  origin  are 
illustrateil  by  several  fine  plates,  and  supplemented  by  extracts 
frv>m  a  crystallographic  study  by  E.  S.  Dana. 

5..  The  ireoi/mphiciii  iifid  Geohgical  Distribution  of  Animals  ; 
by  Anoki.o  Hkilprix,  Prof.  Invert,  Paleontology,  etc.,  436  pp. 
1  Jmo.  Now  York,  1S87  (D.  Appleton  J:  Co.).— ftofessor  Heilprm 
has  endoftvoixnl  to  com\>ino  in  this  work  a  consideration  of  the 
gei\v:raphioal  distribution  of  existing  faunas  with  that  of  the  an- 
oiont,  and  so  pwsont  a  ij^Mioral  review  of  the  historical  as  well  as 
actual  assivirtt ions  of  spooios.  The  subject  is  a  very  broad  one 
for  the  spjuv  allottod  to  it ;  but  it  has  been  so  handled  as  to  make 
a  valuablo  and  ivadublo  work  for  students  in  both  geology  and 
bii>lotfv. 
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6.  Mantial  of  Mineralogy  and  LUhology^  containing  the 
elements  of  the  science  of  Minerals  and  Rocks  for  the  use  of  the 
>ractical  Mineralogist  and  Geologist  and  for  instruction  in  Schools 
^nd  Colleges;  by  Jamks  D.  Dana,  4th  edition,  518  pp.  8vo,  New 
ITork,  1887  (John  Wiley  and  Sons). — This  new  edition  of  the 
author's  '^  small "  mineralogy,  like  the  preceding,  places  together,  all 
:;lie  ores  of  the  same  metal,  and  in  this  and  other  ways  the  Manual  is 
adapted  to  the  needs  of  the  mining  and  practical  mineralogist. 
As  the  preface  states,  the  work  has  been  revised  throughout,  and 
brought  down  to  the  year  1886  in  its  descriptions  and  in  the  in- 
troduction of  new  species ;  and  the  chapter  on  Rocks  has  been 
revised,  rearranged,  much  enlarged,  and  supplied  with  additional 
illustrations. 

7.  On  the  chemical  composition  of  the  orthoclase  in  the  Cort- 

dandt   Norite,     (Communicated.) — Since  the  publication   of  the 

^^vriter's  description  of  this  interesting  mineral  in  the  February 

:xiumber  of  this  Journal  (p.  139),  a  complete  analysis  of  it  has 

l>een  made  by  Mr.  Wm.  M.  Burton  of  the  Chemical  Laboratory 

of  the  Johns  Hopkins  University.     The  results  are  worthy  of 

T>ublication  as  placing  beyond  all  doubt  the  nature  of  the  mineral 

in  spite  of  its  very  unusual  association. 

The  material  for  analysis  was  separated  by  the  Thoulet  solu- 
tion, all  that  portion  of  the  rock  being  used  which  possessed  a 
specific  gravity  of  2*62  or  less.  The  results  of  two  complete 
analyses  of  leaa  fusion  (I-U)  and  one  partial  analysis  of  fusion 
with  potassium  and  sodiuip  carbonate  (III)  are  as  follows : 


(I.) 

(II.) 

(III.) 

(Mean.) 

SiO, 

61-71 

61-76 

61-65 

61-71 

A1,0, 

21-50 

21-36 

21-55 

21-47 

GaO 

2-82 

2-70 

2-76 

E3O 

12-74 

12-88 

•  •  a   • 

12-81 

NaaO 

-88 

1-04 



•96 

Total  99-65  99-74  ...  9971 

Now  on  account  of  the  very  intimate  admixture  of  the  oitho- 
clase  with  the  accompanying  and  included  andesine,  it  was  doubt- 
less impossible  to  perfectly  separate  the  two  minerals,  as  is  made 
more  probable  by  the  specific  gravity  which  is  somewhat  high  for 
orthoclase.  If,  therefore,  we  deduct  from  the  above  mean  analy- 
sis the  amounts  of  SiO,  and  A1,0,  necessary  to  satisfy  the  2*76 
per  cent  of  CaO  and  0-06  per  cent  of  Na,0  in  the  anorthite  and 
albite  molecules  respectively,  we  obtain  :  60-23  per  cent  SiO„ 
14'76  per  cent  A1,0,  and  12*81  per  cent  K^O  ;  and  these  propor- 
tions, calculated  as  percentages,  give :  SiO,  64*57,  Al,0,  18*96, 
K,0  16*47,  while  the  proportions  calculated  from  the  formula 
K, Al.Si.O,.  are :  SiO,  6468,  Al,0,  18-43,  K,0  16*89. 

GEOBGK    H.    WILLIAMS. 
Baltimore,  Feb.  18th,  1887. 
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8.  JVickeli/eroua  metallic  Iran  from  New  ZeeUand  (from  a 
letter  to  the  Editors  dated  Danedin,  October  14,  1886). — In  the 
drift  of  the  Gorge  River  (which  empties  into  Awama  or  Big  Bay, 
on  the  west  coast  of  the  middle  island  of  New  Zealand),  derived 
in  part  from  the  so-called  "  Red  Hill '' — a  high  mountain  mass 
consisting  of  older  peridotite,  more  or  less  converted  into  serpen- 
tine—  there  occurs,  associated  with  gold,  platinum,  cassitertte, 
chromite,  magnetite,  a  nickel-iron  alloy.  According  to  an  analy- 
sis by  Mr.  W.  Skey,  our  government  analyst,  it  is  composed  of 
Ni  67-63,  Fe  31-02,  Co  0-70,  S  0-22,  SiO  0-43,  and  has  the  formula 
Ni,Fe.  Specific  gravity  8-1  and  hardness  about  5.  This  as  a 
new  mineral  he  has  named  Awaruite.  Mr.  Skey  also  discovered 
the  curious  fact  of  this  alloy  not  being  able  to  reduce  copper 
from  its  acid  solution  of  cupric  sulphate  and  argues  from  this  the 
unreliability  of  the  copper  test  tor  demonstrating  the  absence  of 
iron  alloys  from  rock  masses.  That  the  new  alloy  has  been  de- 
rived from  the  peridotite  (olivine-enstatite  rock,  as  far  as  I  have 
found)  of  the  Red  Hill  there  can  hardly  be  a  doubt,  as  specimens 
of  serpentine — partly  resembling  the  antigorite,  partly  picrolite — 
have  been  found  on  the  mountain,  containing  specks  of  it  abund- 
antly impregnated.  It  is  certainly  a  very  close  terrestrial  relative 
of  the  iron  nu^teorite,  octibbehite  (FeNi),  mentioned  in  Dana's 
System  of  Mineralogy  and  in  Wadsworth's  comprehensive  table 
of  analyses,  given  in  *' Lithological  Studies,"  as  found, in  Octib- 
beha  Co.,  Mississippi.  george  h.  f.  ulrich. 

III.    Botany  axd  Zoology. 

1.  MixoK  Hot  AN  10  AL  Notes. — That  immense  repertorium  of 
lH>lany,  Bailloirs  DictU'tHiin'  de  Botaniqu€,  makes  steady  pro- 
gress. F:isoiv*le  21,  which  is  the  first  of  vol.  ii  (pp.  104),  carries 
the  letter  II  down  to  the  article  IfyfH^ncum. 

Of  //iioAvrV  L*oHts  /Y^f/i^rn//l^thethi^iand  concluding  part  of 
vol.  xvii — a  Fern  vohiiue — was  issueii  in  January.  The  North 
American  and  Northern  Mexican  species  figured  are  JTothochlofna 
I\iim^n\  Raker,  and  X  HooWn\  Laion. 

H.  N.  Tattei^ion,  of"  Oquawka,  Illinois,  has  brought  out  a  new 
and  attnictive  Ch<\^l>LUf  o/  Xort\  .4/««rri<M/i  Plants^  including 
JAxi\m.m  v^vciVcf  i.-Mh  ti/>/>r.»  foA  th^  C  S.  Boundan/,  It  fills 
150  lanr^^  ^vo  pacx's  in  double  columns,  v^f  rather  large  and  very 
clear  tYjH\  printt\l  upon  one  side  only  of  the  paper,  and  sufiiciently 
spavvxl  for  cutliniT  up  into  lalvls^'when  that  is  desired,  or  for 
interv*a'ativMi  ot*  new  natnes. 

Ph.  \V.  R  TvMMiK,  w^.o  duM  at  Victoria,  British  Columbia, 
towarvl  the  v\o>e  of  las;  year,  was  one  of  the  last  survivors  of 
thxv^e  men  x^:  the  Uvidson  Bay  Coiiuxany*s  s^^r\-ice  in  its  palmiest 
davs  who  he'inxl  to  dcYe!v>p  the  K^tar.  v  ofour  northwest  coast.     He 
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listrict  for  his  Flora  Boreali-Americana.  Id  that  work  he  is 
commemorated  by  a  peculiar  geoos  of  Ertcaceoe^  which,  however, 
lad  been  previously  named  by  Bongard  npon  specimens  from 
Alaska.  Consequently  the  name  of  Tolmiea  was  applied  in 
Torrey  and  Gray's  Flora  to  a  peculiar  saxifragaceous  plant  of 
hat  coast.  In  his  later  years  Dr.  Tolmie  devoted  himself  very 
nuch  to  the  ethnology  and  linguistics  of  the  Indian  tribes  with 
Trhlch  he  had  so  long  been  intimate.  His  name  should  have 
appeared  in  the  botanical  necrology  of  the  year  1886.  a.  g. 

Professor  Delpino,  who  as  early  as  in  the  year  1873  announced 
the  idea  that  most  extra-floral  nectar-glands  in  plants  are  useful 
to  the  plants  that  bear  them,  by  attracting  a  body-guard  of  ants, 
has  now  published  the  first  part  of  an  elaboi-ate  memoir  on  the 
topic.     His  Prodromo  d'*una  monografia  delle  Piante  Formicarie^ 
taking  up  the  orders  seriatim^  although  in  this  first  part  it  includes 
only  the  Polypetalous  and  a  few  of  the  earlier   Gamopetalous 
orders,  fills  111  pages,  4to,  in  the  Memoirs  of  the  Royal  Academy 
of  Sciences  of  Bologna,  ser.  4,  tome  vii,  1886.     The  number  of 
species  recorded  as  having  extra-nuptial  glands  is  much  larger 
than  would  have   been   expected.     This  term  *  extra-nuptial'  is 
coined  to  distinguish  the  glands  under  consideration  from  certain 
extra-floral  glands  which,  no  less  than  those  in  the  flower,  are  sub- 
servient to  pollination.     The  funzione  myrmecofila  performed  by 
the  ants  so  attracted  and  fed  is  the  keeping  off  or   caterpillars 
and  other  insects  which  prey  upon  the  foliage,  young  fruits,  etc. 
Fruit-growers   and   tree-planters,  thankful   though   they    be   for 
these  small  favors,  must  wish  that  this  function  were  still  more 
extensive  and  effectual.  a.  g. 

The  February  number  of  the  Botanical  Magazine  gives  a  figure 
of  the  new  Compass  Plant,  Silphitnn  alhiflorumj  Gray,  a  very 
recently  published  species,  from  Texas,  raised  in  England  from 
seed  sent  by  one  of  its  discoverers,  Mr.  Reverchon,  whose  name 
in  the  Botanical  Magazine  unfortunately  appears  as  a  place  instead 
of  a  person. 

Alphonse  de  Candolle  has  a  short  article  in  the  Archives  des 
Sciences  of  January  16,  on  the  botanical  origin  of  some  cultivated 
plaDts.  It  treats  mainly  of  Vicia  Narhonnensis  and  Vicia  Fahay 
^nd  goes  against  the  idea  of  Bentham  that  the  latter  (the  proper 
Oean  of  Europe)  is  a  cultivated  derivative  of  the  former.  It  is 
^Iso  maintained  that  wheat  .should  be  regarded  as  a  species 
distinct  from  TViticum  Spelta  and  T,  monoccoccuniy  notwithstand- 
i[ig  that  some  recent  experiments  have  been  successful  in  inter- 
crossing them.  Horse  Bean  ( Vicia  Faba)^  Chick-pea,  Lentils, 
Wheat,  and  Maize, — species  of  which  the  botanical  originals 
^pear  to  be  extinct, — all  agree  in  having  large  farinaceous  seeds, 
Lherefore  peculiarly  subject  to  be  eaten  up  by  animals,  such  as 
Kuice,  etc.  To  such  depredations,  M.  de  Candolle  suspects  that 
bhe  unguarded  native  types  of  those  species  may  have  succumbed. 
2.  Sibliotheca  Zoologica  IL  Verzeichniss  der  Schriften  tiber 
Zoologie  welche  in  den  periodischen  Werken  enthalten  und  vom 
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Jahre  1861-1880  selbstst&ndig  eracbienpn  siod  etc.,  tod  Dr.  O. 
Taschenrsbg.  Lief  1,  pp.  1-320;  2,  pp.  321-640.  8vo,  Leipaeig, 
1886  (Wilhelm  EngelmaDn). — The  former  issue  of  the  Biblio- 
theca  Zoologica  in  1861  under  the  editorship  of  Professor  Y. 
Oarus  contained  a  catalogue  of  zoological  papers  published  during 
the  years  1846  to  1860.  The  present  work,  of  which  two  parts 
are  now  completed,  with  Dr.  O.  Taschenberg  as  editor,  is  to 
continue  and  complete  this  great  undertaking  for  the  period  from 
1801  to  1880.  In  style  and  method  the  present  volume  corres- 
ponds to  those  issued  twenty-five  years  ago.  The  first  part  opens 
with  the  literature,  a  list  of  catalogues  ofbooks,  and  then  a  very 
minute  and  exhaustive  enumeration  of  periodical  publications  of 
all  kinds,  with  the  number  of  pages,  plates,  etc.,  of  each  volume — 
this  portion  of  the  work  covers  nearly  200  pages.  Then  follow 
the  lists  of  zoological  memoirs  and  articles  arranged  by  the 
author^s  name  under  a  number  of  general  heads,  as  :  acclimatiza- 
tion, aquaria,  museums,  public  and  private  collections,  zoological 
gardens,  laboratories  and  stations;  the  collection  and  pres- 
ervation of  objects  of  natural  history  and  comparative  anatomy  ; 
the  microscope,  and  so  on.  This  statement  of  the  contents  of 
Part  I  will  give  some  idea  of  the  nature  and  scope  of  the  work. 
Evidences  of  the  tireless  industry  of  the  editor  and  his  never 
relaxing  effort  to  ensure  accuracy  and  completeness  are  apparent 
on  every  page.  The  value  of  such  a  work  can  hardly  be  over- 
estimated at  this  time  when  the  literature  of  the  science  is  increas- 
ing so  rapidly  and  the  memoirs  on  the  various  topics  are  scattered 
through  so  wide  a  range  of  publications.  It  is  difficult  to  see 
how  any  worker  in  the  science  can  get  along  without  it.  The 
work  when  finished  will  fill  twelve  parts  of  about  320  pages  each, 
forming  four  large  volumes;  the  year  1888  is  set  as  the  time  for 
its  completion. 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  The  American  ^Naturalist — Professor  A.  S.  Packard,  for 
twenty  years  one  of  the  editors  of  the  Naturalist,  and  a  large 
contributor  to  its  passes,  has  withdrawn  from  it,  and  hereafter  it 
will  be  in  charge  of  Professor  E.  D.  Cope. 

2.  The  Swiss  Cross ^  A  Monthly  Magazine  of  the  Agassiz  Asso- 
ciations :  N.  D.  C.  Hodges  editor. — With  January,  the  first  num- 
ber of  this  new  Journal  of  Popular  Science  appeared,  in  a  broad 
octavo  form  of  forty  pages.  It  promises  to  be  a  valuable  journal 
for  the  distribution  of  scientific  knowledge,  right  opinions,  and 
news,  and  to  be  adapted  not  only  for  the  young  readers  of  the 
Agassiz  Associations  but  for  all  who  are  interested  in  having 
science  in  a  popular  form.  The  Journal  is  published  in  New 
York  at  47  Lafayette  Place,  at  $1.60  a  year  or  15  cents  a  number. 
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second  paper.     With  !Plate  v. 

of  high  pressure.     Their  magnitude  and  direction  of  move- 
ment,   Melation  of  areas  of  high  pressure  to  areas 

of  low  pressure. 

In  several  former  papers  I  have  examined  the  form  and  mag- 
wiitade  of  areas  of  high  pressure,  the  position  of  the  major  axis 
of  the  isobars,  the  direction  and  velocity  of  their  movement,  and 
the  low  temperature  which  accompanies  them — the  laws  of  the 
wind's  motion  within  these  areas — the  circumstances  under 
which  areas  of  high  pressure  originate,  and  the  relations  which 
they  bear  to  areas  of  low  pressure.  This  examination  has  been 
made  for  the  United  States  by  the  aid  of  the  Signal  Service 
maps  and  the  published  volumes  of  the  Signal  Service  observa- 
tions; and  it  has  been  made  for  Europe  by  the  aid  of  Hoff- 
meyer's  Weather  Maps.  It  was  found  that  areas  of  unusually 
high  pressure  sometimes  extend  from  the  Pacific  Ocean  to  the 
Atlantic;  and  stretch  northward  far  beyond  the  limits  of  the 
United  States.  The  maps  of  the  United  States  Signal  Service 
are  therefore  not  large  enough  to  exhibit  satisfactorily  the 
phenomena  of  areas  of  unusually  high  pressure,  and  especially 
to  exhibit  their  relations  to  areas  of  low  pressure ;  and  the  same 
is  true  of  Hoflfmeyer's  charts  of  the  Atlantic  Ocean  and  Europe. 
I  have  therefore  extended  this  examination  to  the  maps  of  the 
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InterDatioDal  Balletin.  These  maps  begin  with  Oct,  1877  and 
extend  to  June,  1884.  Table  I  exhibits  all  the  oases  which  I 
have  found  in  which  these  maps  show  an  isobar  of  31*0  inches 
over  any  part  of  the  Northern  Hemisphere.  Columns  3  and  4 
show  the  latitude  and  longitude  of  the  station  at  which  the  ^ 
barometer  was  highest.  This  station  is  generally  near  the  center's 
of  the  highi'st  isobar  but  may  not  coincide  exactly  with  it.     Col — 

umns  5  and  6  show  the  pressure  and  temperature  at  the  station 

where  the  barometer  was  highest.    Columns  8  and  9  show  (i 
degrees  of  a  meridian)  the  dimensions  of  the  hi^h  area  measu 
in  an  East  and  West  direction,  and  also  in  a  North  and  Southizr! 
direction.     Since  a  large  part  of  the  isobars  represented  on  th 
maps  are  incomplete,  I  have  extended  them  about  each  hig 
center  up  to  the  isobar  30*0  inches  in  such  a  manner  as  seemec 
to  correspond  best  to  the  incomplete  curves  shown  on  the  maps 
The  numbers  in  columns  8  and  9  give  the  results  obtained  fc 
the  isobars  thus  completed.     The  lines  measured  in  the  two  di 
ferent  directions  run  nearly  through  the  centers  of  the  hig 
areas.     In  many  cases  the  high  areas  stretch  out  to  a  great  di 
tance  toward   the  East  and  West,  particularly  in   a  latitu 
somewhat  south  of  the  high  center.    In  such  cases  the  numbe 
in  column  8  do  not  indicate  the  full  extent  of  the  isobar,  30 
inches,    but  only   its  extent  near  the  parallel  which  pass 
through  the  center  of  high  pressure. 


Tablb  V'^ Barometer  above  31*0  inches^  International  BuUeti 


V  yv 

Date. 

Lat. 

LODg. 

'  Barom. 
highest. 

Thenn. 
1  Fahr. 

Therm. 

below 

mean. 

Breadth,  Deg. 

>o. 

E.-W. 

N.-8. 

'1877,  Dec. 

14 

56-8 

60**-6  E. 

1 
31-37 

e 

-31 

o 

-38 

o 

60 

15 

53-3 

83-8  E. 

■30 

-55 

-61 

~  " 

55 

16 

63-3 

83-8  E. 

•63 

—64 

-60 

90 

58 

1^ 

17 

53-3 

83-8  E. 

•63 

-60 

-66 

88 

57 

18 

53-3 

83-8  E. 

•45 

-41 

-47 

68 

59 

19 

58-4 

92-1  v.. 

•37 

-17 

-  8 

78 

69 

20 

55  8 

49- 1  E 

•26 

1 

-12 

80 

56 

21 

63-8 

48  6  E. 

•08 

6 

-   7 

80 

51 

Dec. 

31 

58-4 

921  E. 

•08 

-21 

-11 

74 

46 

1878.  Jan. 

1 

584 

921  E. 

•01 

-26 

-16 

80 

48 

2 

53-8 

48-6  E. 

•02 

-   6 

-17 

79 

45 

3 

53-8 

48-6  E. 

•01 

-    1 

-12 

76 

41 

2^ 

4 

413 

69-3  E. 

•09 

-10 

-40 

83 

44 

5 

41-3 

69-3  E. 

02 

—  4 

-34  ; 

76 

47 

6 

58-4 

921  E. 

•06 

-28 

-16 

71 

62 

7 

68-4 

92i  E. 

•25 

-30 

-18 

60 

8 

58-4 

92- 1  p:. 

•15 

-28 

-16  1 

63 

5a 

9 

58-4 

921  E. 

•20 

-33 

-21   i 

62 

3 

Dec. 

11 

1  53-3 

83-8  E. 

•09 

-42  I 

-48  i 

66 

6$ 
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Dote. 

LM. 

^-«    .USX 

vs?:- 

^SITw 

meuu 

E.-W. 

N.-e. 

f            Dw. 

20 

S84 

92-1  E. 

01 

-28 

-19 

68 

60 

21 

&8'4 

921  K. 

OB 

-36 

-36 

60 

22 

68-4 

B2-1  K. 

22 

-39 

-30 

63 

23 

6B-4 

92- 1  K. 

26 

-36 

-37 

24 

68-4 

921  B. 

10 

-18 

-  9 

64 

a 

Dee. 

28 

68-4 

921  E. 

08 

-  0 

+    6 

60 

1879.  Jm. 

18 

66-8 

60-6  E.  . 

00 

-IS 

-30 

66 

19 

S6'8 

60-6  E. 

12 

-22 

-27 

56 

« 

30 

63-3 

83-8  E.  : 

25 

-28 

-37 

66 

21 

63-3 

B3-8  R.  ; 

-23 

-22 

67 

22 

5B-H 

491  E.    . 

09 

-   4 

-13 

63 

23 

55-8 

37-7  E. 

09 

3 

66 

Fab. 

24 

as'g 

60'6  E. 

00 

-  3 

-16 

63 

8 

Not. 

24 

41-3 

69-3  K. 

00 

13 

-30 

28 

9 

Dm. 

36 

41-2 

112-0  W. 

u 

-   3 

1880.  Jm. 

16 

68-4 

92-1  B. 

07 

-33 

^21 

70 

66 

17 

81-3 

1 19-e  Ei.  1 

03 

-38 

Z'i 

60 

60 

10 

IS 

61-3" 

119-6  E.  : 

10 

-36 

IS 

58-4 

9-2-1  K. 

17 

-16 

69 

20 

51-3 

119-6  E. 

16 

-27 

-10 

63 

11 

Jan. 

24 

68-4 

92  1  B. 

00 

-14 

-  4 

68 

63 

3n. 

28 

81-3 

119-6  E. 

02 

-33 

61 

29 

613 

119  6  E. 

18 

-36 

-U 

68 

1881.  ICar. 

88-4 

921  E. 

36 

-10 

-34 

67 

64 

2 

68-4 

92-1  K. 

41 

-23 

67 

3 

68-* 

92- 1  E. 

22 

0 

-14 

63 

14 

Mar. 

58'4 

93- 1  E. 

02 

-17 

63 

IG 

33 

63-3 

83-8  E. 

02 

IT 

60 

46 

16 

Sot. 

4 

68* 

92- 1  E. 

07 

6 

-  4 

44 

Dec 

14 

68'4 

92' 1  E. 

08 

-   7 

0 

73 

62 

IS 

68-4 

931  E. 

06 

-14 

-  8 

73 

63 

IS 

Dec 

27 

63-4 

92-1  E. 

04 

-   9 

-  3 

78 

60 

188S.  Jan. 

612 

71-4  E. 

01 

-28 

-30 

43 

20 

J5 

63'3 

31  0  E. 

06 

28 

+   3 

77 

60 

21 

33 

49 '8 

971  W. 

03 

-38 

32 

63 

22 

Feb. 

17 

49-8 

971  W. 

-29 

26 

66 

23 

30 

499 

7-8  W. 

20 

-60 

"o 

60 

?4 

Oct 

2B 

60-* 

80'2E. 

05 

-  7 

-46 

87 

47 

25 

Nov. 

13 

68 '4 

92'1  E. 

13 

-16 

-23 

66 

Nov. 

22 

GO'4 

ao-2  E. 

06 

2 

-18 

62 

46 

3i 

60-4 

80  2  K. 

16 

-  4 

-24 

64 

44 

D«. 

393 

919  W.- 

01 

-   6 

38 

46 

n 

Dec 

: 

Gg'4 

92  1  E.  ■ 

03 

-43 

-33 

66 

Dec 

9 

66'6 

850  E, 

01 

-37 

-39 

82 

69 

60-4 

80-2  K.  1 

04 

-21 

-33 

76 

68 

Dec 

13 

504 

80-2  E. 

-27 

-33 

83 

47 

14 

80-4 

8U-2  K. 

01 

-29 

-36 

90 

61 

IS 

68-4 

92-1  E.  ' 

-22 

61 

30 

16 

80-4 

W2  K. 

13 

77 

66 

17 

6B-4 

92-1  K. 

24 

-29 

77 

67 

IB 

92-1  K. 

08 

-19 

74 

71 

19 

58'4 

92' 1  E. 

01 

-13 

ao 

78 

3) 

Dec 

29 

53'3 

838  E.  , 

04 

-15 

62 

61 

3t 

681 

931  R.  1 

06 

60 

64 

32 

1883.  Feb. 

638 

162  0  W, 

21 

-  4 

66 

69 

13 

Nov. 

£ 

623 

104'3  K.  1 

05 

3 

80 

47 

10 

82-3 

104 '3  E. 

03 

0 

76 

66 

34 

Nov. 

16 

8B-fi 

49-7  K. 

00 

34 

90 

61 

35 

Dec 

23 

68-4 

92-1  B. 

02 

-12 

77 

60 

36 

1884.  Jm. 

18 

61-3 

119-6  E. 

03 

-33 

66 

68 

19 

Bl'd 

119-6  E. 

01 

-37 

80 

69 

37 

Jan. 

33 

60-7 

103-7  W. 

03 

-36 

.... 

\     61 

\    %% 

250 


jE  Loomis — Contributions  to  Meteorology. 


Of  the  81  cases  enamerated  in  this  table,  the  number  for  each 
month  in  the  year  was  as  follows : 

January,  29;  February,  4;  March,  5;  October,  1;  Novem- 
ber, 8,  and  December,  34.  We  thus  see  that  79  per  cent  of 
the  whole  number  of  cases  occurred  ift  the  months  of  December 
and  January;  and  none  occurred  during  the  six  warmer 
months  of  the  year. 

Of  these  81  cases,  74  occurred  over  Europasia ;  6  over  North 
America  and  one  over  the  Atlantic  Ocean  near  the  South- 
western extremity  of  Ireland.  Tal:)le  II  shows  the  latitude 
and  longitude  of  the  74  stations  over  Europasia  at  whicll  a 
pressure  above  31*0  inches  was  recorded ;  and  also  the  number 
of  cases  occurring  at  each  of  these  stations. 

Table  II. — Latitude  and  longitude  of  the  high  centers. 


station. 

Lat. 

Long. 

Cases. 

Statton. 

Lat. 

Long. 

Cases. 

• 

Viatka 

58^6 
58-4 
66-8 
66-5 
65-8 
65-8 
53-8 

4y7  E. 
921 
60G 
860 
490 
37-5 
48-6 

1 

32 

4 

1 
2 
1 
3 

Barnaul 

63*3 
62-3 
62-2 
61*8 
61-2 
60-4 
41-3 

83-8  E. 
104-3 

210 
119-6 

71-4 

80-2 

69-3 

9 

Yeniseisk  _ 

Irkutsk 

2 

Ekateriuburg    .. 
Tomsk 

Warsaw 

1 

Nertchinsk... 

Akmolinski 

Semipalatinsk 

Taskend 

7 

Kasan 

I 

Moscow 

Krotkowo 

7 
3 

With  but  one  exception,  these  stations  are  all  situated  be- 
tween the  parallels  of  50°  and  60°.  Taskend,  being  situated  so 
far  south  of  the  other  stations,  has  a  suspicious  appearance. 
According  to  the  International  Bulletin  its  altitude  above  sea 
level  is  1607  feet,  but  the  altitude  is  marked  by  ?  as  if  con- 
sidered doubtful.  It  seems  probable  thut  the  assumed  eleva- 
tion is  a  little  too  great,  and  that  the  barometric  pressure, 
reduced  to  sea  level,  is  consequently  somewhat  too  great 
With  but  one  exception,  all  of  the  81  cases  included  in  Table 
I  are  situated  over  the  continents,  and  almost  invariably  at  a 
considerable  distance  from  both  the  Atlantic  and  Pacific 
Oceans,  and  the  exception  named  occurred  near  the  coast  of 
Ireland.  Not  a  single  case  of  pressure  amounting  to  31"0 
inches  has  been  found  over  the  Pacific  Ocean,  although  one 
case  occurred  in  the  northwestern  part  of  North  America  near 
Behring  Strait.  These  facts  clearly  show  the  influerice  of  the 
continents  in  favoring  the  formation  of  areas  of  very  high 
pressure;  and  over  Europasia  these  cases  occur  chiefly  between 
the  parallels  of  50°  and  60°. 

The  observations  in  Table  I  indicate  that  these  high  areas 
are  nearly  stationary  in  position.  At  each  station  from  day  to 
day  there  are  slight  fluctuations  of  pressure  which  give  to  the 
high  center  the  appearance  of  moving  rapidly  to  and  fro,  but 
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general  for  the  14  cases  in  which  the  pressure  of  31*0  inches 
3  maintained  for  at  least  two  saccessive  days,  the  position  of 

high  center  on  the  last  day  did  not 'differ  greatly  from  its 
lition  on  the  first  day.  In  No.  1  the  high  center  did  not 
3tuate  greatly  in  position  for  eight  days,  but  apparently 
anced  a  little  toward  the  south  and  west.     No.  2  continued 

ten  days,  and  on  the  last  day  the  center  was  found  at  the 
le  station  as  on  the  first  day.     No.  4  remained  stationary 

five  days ;  No.  12  stationary  for  two  days ;  No.  13  for 
ie  days ;  Nos.  17,  26,  33  and  36  stationary  for  two  days ; 

6  moved  slightly  toward  the  south  and  west ;  No.  10 
sred  slightly  toward  the  south  and  east;  No.  30  continued 
seven  days  and  apparently  moved  a  little  toward  the  north 

east;  No.  31  also  appeared  to  move  a  little  toward  the 
th  and  east.  We  thus  find  that  in  the  14  cases  in  which 
pressure  of  31*0  inches  was  maintained  for  at  least  two  suc- 
iive  days,  in  eight  of  them  the  center  apparently  made  no 
gress;  in  three  cases  there  was  a  slight  movement  toward 
east,  and  in  three  cases  a  slight  movement  toward  the  west; 
two  cases  there  was  a  slight  movement  toward  the  north, 

in  four  cases  a  slight  movement  toward  the  south.  The 
«  all  indicate  that  tl)ese  high  areas  had  no  very  distinctly 
rked  progressive  movement. 

?he  mean  diameter  of  these  high  areas  measured  in  a  direc- 
1  from  north  to  south  (which  was  generally  the  shortest 
rneter)  is  55  degrees  of  a  meridian,  or  about  3800  English 
es.  The  mean  diameter  in  an  East  and  West  direction  is 
degrees  of  a  meridian,  or  about  4900  English  miles ;  and  if 

had  measured  the  actual  extent  of  the  isobar  30*0  inches 
ir  a  parallel  a  little  south  of  the  high  center,  we  should  have 
ud  considerably  larger  dimensions. 

The  low  temperature  attending  these  high  areas  is  quite 
:iarkable,  the  mean  temperature  from  the  74  cases  over 
ropasia  being  —18°  Fahr. ;  and  the  observations  were  taken 
7  A.  M.  Washington  time,  which  for  the  center  of  Europasia 
Dear  the  warmest  part  of  the  day.  Column  7th  of  Table  I 
^ws  how  much  the  thermometer  at  each  station  was  de- 
*8sed  below  its  mean  height  for  the  given  time  and  place. 
e  average  of  the  numbers  in  this  column  is  —19°  F.,  which 
considerably  less  than  for  like  cases  in  the  United  States; 
t  this  appears  to  be  mainly  due  to  the  fact  that  in  Central 
'ia  the  thermometer  is  almost  uninterruptedly  low  at  this 
^on  of  the  year.  There  were  however  several  cases  in  which 
i  thermometer  was  but  slightly  below  its  mean  height,  and 
5re  were  two  cases  in  which  the  thermometer  was  slightly 
ove  the  mean.  In  Table  III,  I  have  given  all  the  cases  in 
kich  the  depression  of  the  thermometer  below  its  mean  height 
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for  the  given  time  and  place  was  less  than  6  degrees,  and  I 
have  added  various  particulars  which  are  designed  to  shed  some 
light  upon  the  cause  of  this  peculiarity.  Column  1st  givestbe 
dates  of  the  cases;    column  2d  gives  the  station   of   highest 

Eressure;  column  3d  gives  the  depression  of  the  thermometer 
elow  its  mean  height  at  this  station.     Column  4th  shows  the 
degree  of  cloudiness  at  this  station  (scale  0-lOJ ;. column  5lh 

S'ves  a  station  not  very  remote  from  the  preceding  where  the 
ermometer  was  more  depressed  below  the  mean ;  column  6th 
shows  the  temperature  at  this  station  ;  column  7th  shows  how 
much  the  thermometer  at  this  station  was  depressed  below  the 
mean,  and  column  8th  gives  several  stations  where  the  sky  was 
entirely  overcast  with  clouds,  and  at  most  of  these  stations 
there  was  some  precipitation  in  the  form  of  snow  or  rain. 

Tablk  III. —  Cases  of  unusticUly  high  temperature  with  high  pressure. 


Dau. 


78.  Dec. 

80.  Jan. 

81.  Mar. 
Nov. 
Dec. 

82.  Jan. 
Feb. 

83.  Not. 


Maximam 
prcMurv. 


Extreme  cold. 


28  Yeniseisk. 
24  Yenij^eisk. 
23  Barnaul. 
4  Yeniseisk. 
14  Yeniseisk. 
27  Yeniseisk. 
16  Warsaw. 
20JN.  Ireland 
ISlViatka. 


Below 
mean. 


o 

+  6 


-4 

-1 

—4 

0 

-3 

+  3 

0 

0 


Cload. 


0 
0 
1 
9 
4 

10 
1 
8 

10 


Station.      Therm. 


'  Below  ' 
mean.  , 


8kr  cntlrelj  OTcreait. 


Irkutsk.         —29 
iKkaterinb.    -17  ■ 


i  Barnaul. 
,  Barnaul. 
:  Barnaul, 
i  Kiew. 


-  2 

-12 
-23 
+  14 


Semipalat      +   6  '   —14 


—  10    Tunicbansk,  Eainak. 
—22   -Tonichansk,  Ekateriobaf.] 
Turadianak,  Bkat  KaioiLj 
19   jTunich.,  Tomak, 
1 8    Tunicbanak,  Akmolinsk,  I 
Yeniseisk,  Tumchansk, 
Dorpat,  Ifoflcow,  ManMfa. 
{Valencia,  Pljni.,  BordeaoL 
-Viatka,  Dorpat,  Kasan. 


29 
9 


We  see  that  in  these  cases  there  was  generally  a  station  not 
very  remote  from  the  center  of  high  pressure  where  the  ther- 
mometer was  more  depressed  than  it  was  at  the  high  center, 
which  agrees  with  what  has  been  found  for  the  United  States. 
We  also  see  that  in  only  two  of  the  cases  was  the  sky  at  the 
center  of  high  pressure  entirely  free  from  clouds,  and  in  each 
case  there  were  stations  not  very  remote  where  the  sky  was 
entirely  overcast  and  there  was  some  precipitation  in  the  form 
of  rain  or  siunv.  Tliese  facts  seem  to  indicate  that  the  com- 
paratively high  temperature  attending  these  high  areas  was 
due  to  local  disturbances  which  g-ave  rise  to  cloudiness  and  the 
consequent  development  of  heat. 

In  order  to  ascertain  whether  an  unusually  low  temperature 
in  (.-entral  Asia  is  generally  attended  by  a  barometric  pressure 
oonsivleiMMy  above  the  mean,   I  have  "selected  all  the  cases  ioj 
whieli   the  tliermometer  at  Yeniseisk  fell  as  low  as  —86**  C.^  • 
during  a   period  of  seveu  years  ^1876-1882)  and  opposite 
oaeh  tenjperature  I  have  placed  the  barometric  pressure  for  th 
Siime  dates.     The  particulars  are  shown  in  Table  IV. 


I, 


ji 
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Tablk  rV. — TTiermometer  — 36®  Cent,  cU  Yenieeiak^  Central  Asia, 


1 
Dite.        Ther. 

t 

•   1 

Bar. 

Above 
mean. 

Date. 

Ther. 

Bar. 

Aboye 
mean. 

Date. 

Ther. 

Bar. 

Above 
mean. 

1876. 

1877. 

0 

1879.    . 

in.      7  —391 

772-5 

+   8-7. 

Dec. 

27 

37-8 

774-4 

4-    8-8' 

Nov.    28       37-3 

761-1 

—  01 

8 

—  380 

73-8 

4-100 

1878.    ' 

1'             29   -40-6 

72-4 

4-11-2 

31 

—36-1 

62-7 

-  11 

Jan. 

2 

-370 

72-8 

4-    9  0      1880.    1 

b       1 

—45-9 

65-1 

4-   3-9 

7 

-39-2 

80-8 

4-170  Jan.     16  —38  8 

78-5 

4-14-7 

7 

—38-2 

63-9    +    2-7 

8 

-38-2 

83-1 

4-19-3              17j -41-5 

80-0 

4-16-2 

13   -38  2 

571   -  4-1 

9 

-39-5 

80-6 

4-16-8              19-36*7 

82-6 

4-19-8 

14  -40  3 

61-6  -  9-6 

10 

-38-7 

79-9 

4-16  11              26  -36-1 

72-0 

4-   8-2 

V.    30  —390 

710    +    9-8 

25  -37-8 

71-8 

4-.  8  0,  Feb.     16  -36-1 

75-2 

4-14-0 

C       1    —431 

73-2    +   7-6 

26  -37-7 

76-8 

4-130              17   —370 

73-7 

4-12-5 

13'  -36-9 

750    +   9-4 

27i  -37-1 

74-3 

4-10-6               18   -38-2 

68-9 

4-    7-7 

14  —390 

73-1    +   7-6 

28  —37-6 

72-1 

4-   8-3  Dec.    10  -37  6 

70-2 

4-   4-6 

29   —37-7 

72-9    +    7-3 

Feb. 

i;  -370 

67-9 

4-    6-7               11    -37-9 

72-8 

4-    7-2 

S77. 

N^ov. 

5;  —37-4 

69-2 

4-   8-0  '             12   -380 

76-9 

4-11-3 

I.       9  — 39-7 

81-5 

4-17-7 

Dec. 

5   -36-6 

56-5 

-   9-1       1881. 

10   -461 

81-8 

4-18*0 

6  —41-0 

59-9 

-  5-7;  Feb.      2  -39-2 

76-7 

4-16-6 

18  — 36  1 

62-4!  -   1-4 

7i  -36-6 

68  I 

4-    2-5 

12   -40-0 

77-2 

4-160 

20 

-36-4 

62-7;  -   1-1 

8,  -38-0 

65-6 

00 

21   —37-3 

631 

4-    1-9 

21 

-466 

64-6    +   0-8 

9I  -44-9 

69-9 

4-   4-3 

'22   -36-8 

72-6 

4-11-4 

22;  -48-8 

74-9    +11-1 

lOl  -48-0 

74-4 

4-    8-8 

23       39-6 

68-8 

4-    7-6 

28   —42-4 

603   —  3*6 

11 

—40-3 

77-6 

4-120 

Mar.      1   -37-1 

84-0 

4-23-7 

29  —45-6 

67-5    +    3-7 

13 

—37-6 

77-9 

4-12-3 

Nov.    29  -37-0 

68-3 

4.   7-1 

30   -41-7 

68-3    4-   4-5 

21 

-42-9 

78-7 

4-13-1 

30   -380 

70-0 

4-    8-8 

31   -361 

74-1 

4-10-3 

• 

22 

-42-9 

82-2 

4-16-6 

Dec.       1   -38-0 

66-3 

4-   0-7 

>.       4  -361 

64*9 

4-   3-7 

23 

-40-2 

82-7 

4-17-2 

2   -36*6 

65*7 

4-   0-J 

6  — 41-7 

63-9 

4-   2-7 

1879. 

23:  -36-2 

711 

4-   6-6 

6 

-381 

661 

4-   49 

Jan. 

17 

—410 

63-1 

-  0-7 

1882.    1 

7-  -37-8 

71-4 

4-10-2 

18!  —500 

66-9 

4-    3-1 

Dec.       1'  -41-8 

58-3 

-  7.3 

8 

-36-8 

72-6 

4-11-4 

19  -641 

73*5 

4-    9-7 

31  -420 

64-6 

-   1.0 

9 

-40-6 

75-0   4-13-8 

20   -46-6 

74-1 

4-10-3 

6  -38-4 

73-4 

4-    7-8 

JC     11 

-38-5 

51-6  -140 

24;  —38-0 

720 

4-   8-2                7   -46-7 

77-2 

4-11-6 

12 

—46-4 

61-9 

-  3-7 

26;  -42-7 

73-8 

4-100;:               8   -490 

76-3 

4-10  7 

13 

-60-7 

!  651 

-  0-6 

26  -43  7 

74-4 

4-10-6'               9,-48  6 

76-5'  -h   9-9 

14 

-60-6 

72-8 

4-    7-2 

27  i  -43  9 

66-3 

4-    2-6               17 

-39-6 

84-4:  4-18-8 

16 

-46-5 

81-1 

4-15-5 

Feb. 

16   -38-4 

685 

4-    7-3              24 

-42-1 

75-3    4-   9-7 

16 

-44-6 

'  87-9 

4-22-3 

1 

16  -454 

74-9 

+ 13-7               25 

-44-4 

77-9,  4-12-3 

23 

-37-6 

i  77-0 

4-11-4 

■■ 

17   -40-5 

69-7 

4-    8-5               26 

-40-8 

70-6    4-    50 

26 

—370 

76-7 

4-11-1  ' 

22i  -37-7 

69-21  4-    8-Oi: 

1 

The  mean  pressure  at  Yeniseisk  (not  reduced  to  sea  level) 
is  as  follows :  January  TeS-S""* ;  February  761*2°^ ;  March 
769-3™;  November  761-2"^  ;  December  765-6°^.  From  these 
values  I  have  deduced  the  numbers  given  in  column  4th  of  the 
table,  showing  for  each  date  in  millimeters  how  much  the 
barometer  was  above  or  below  its  mean  height.  The  average 
Df  the  numbers  in  this  column  is  -f 7*8°^  (=0*31  inch);  that 
is  when  the  thermometer  at  Yeniseisk  sinks  as  low  as  —36°  C. 
the  barometer  is  generally  0*31  inch  above  its  mean  height.  In 
only  one  case  (Dec.  16,  1877)  did  the  barometer  rise  as  high  as 
Sl'O  inches.  We  find  then  that  extremely  low  temperatures 
are  generally  attended  by  a  pressure  somewhat  above  tne  mean, 
but  seldom  by  an  extremely  high  pressure.     Moreover  we  find 
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15  cases  (one-seventh  of  the  whole  number)  in  which  the  pres- 
sure was  below  the  mean. 

The  most  remarkable  case  of  low  pressure  occurred  Dea  11, 
1877.  On  the  9th  of  December  there  was  an  area  of  low  pres- 
sure near  Yeniseisk  (29*63  inches)  accompanied  by  a  tempera- 
ture very  much  above  the  mean.  On  the  next  day  the  barome- 
ter rose  slowly  and  the  thermometer  sunk  rapidly.  On  the 
11th  the  thermometer  continued  to  sink  and  the  barometer  also 
descended  slightly,  but  the  stations  of  observation  are  not  suffi- 
ciently numerous  to  indicate  clearly  the  cause.  For  six  suc- 
cessive days  the  thermometer  remained  below  —86°  C.  and  the 
barometer  rose  steadily,  standing  at  790"4°*°*  at  9  P.  M.  Dec. 
16th.  This  cold  wave  came  from  the  northeast  and  preceded 
the  high  pressure,  and  the  high  pressure  of  Dec.  16th  wap  ap- 
parently the  eftect  of  the  long  continued  and  severe  cold  which 
preceded  it 

The  case  of  Dec.  5  and  6,  1878,  was  similar  to  the  preceding. 
On  the  4th  of  December  there  was  an  area  of  low  pressure  near 
Yeniseisk  (29*69  inches)  accompanied  by  a  high  temperature. 
On  the  next  day  the  thermometer  fell  rapidly,  but  the  barom- 
eter rose  slowh\  The  thermometer  continued  very  low  until 
the  13th,  and  the  barometer  rose  steadily  during  the  same 
period,  with  the  exception  of  a  slight  check  on  the  8th,  the 
reason  of  which  does  not  fully  appear.  In  this  case  the  cold 
wave  appeared  to  come  from  the  northeast  and  preceded  the 
high  pressure  which  was  apparently  the  effect  of  the  long  con- 
tinued and  extreme  cold. 

The  case  of  Feb.  14,  1876,  was  similar  to  the  preceding.  On 
the  lOtli  of  February  there  was  an  area  of  low  pressure  near 
Yeniseisk  (29*06  inclies"^  accompanied  by  a  temperature  much 
above  the  mean.  After  this,  the  thermometer  sunk  steadily 
until  the  morning  of  the  14th,  and  the  barometer  rose  slowly 
until  the  13th. 

The  oai»e  of  Dec,  1,  1SS2,  was  also  similar  to  the  preceding. 
On  the  2Sth  of  November  there  was  an  area  of  low  pressure 
near  Yeniseisk  y29"6S  inches)  accompanied  by  a  high  tempera- 
ture. Alter  this,  the  thermometer  fell  rapidly,  but  the  barom- 
eter rose  slowly. 

All  of  these  exceptional  oases  appear  to  have  been  preceded 
by  an  area  of  low  pressure,  after  which  the  barometer  rose  slowly 
but  the  thermometer  sunk  rapidly,  and  this  sudden  fall  of 
the  thermometer  apivars  to  have  resulted  mainly  from  the 
previous  existence  of  a  cold  area  in  the  northeast,  which  cold 
air  pres^  rapidly  into  the  are;i  of  low  pressure  as  soon  as  the 
ban>meter  began  to  rise. 

We  have  thus  found  that  over  Eun^pasia,  areas  of  high  pres- 
Mra  frequenUv  cover  a  vast  extent  of  territory ;  the  barometer 
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n'ses  to  a  height  unknowD  in  any  other  part  of  the  world  ;  the 
.bermometer  sinks  very  low  ;  and  the  center  of  the  high  area, 
ilthoagh  it  vibrates  to  and  fro,  from  day  to  day,  appears  to 
lave  no  decided  progressive  motion.  The  highest  pressure 
ihowD  in  table  I  is  31*63  inches  at  Barnaul,  and  is  the  highest 
pressure  at  any  of  the  stations  reported  in  the  International 
Bulletin.  The  number  of  Russian  stations  from  which  reports 
wrere  received  is  only  22,  whereas  the  number  reported  in  the 
^Lnnalen  des  Physikalischen  Central  Observatoriums  is  over 
100,  and  one  of  these  stations  shows  a  pressure  higher  than 
Barnaul.  At  Ssemipalatinsk,  on  Dec.  16th,  1877,  the  pressure 
was  784*6™  which  reduced  to  sea  level  (altitude  607  feet  and 
temperature  —  49°  Cent.)  amounts  to  31*72  inches.  This  is  the 
highest  pressure  I  have  found  reported  at  any  time  for  any  part 
of  the  globe. 

These  high  areas  are  characterized  by  another  circumstance 
no  less  remarkable,  viz :  their  long  duration.  For  eight  suc- 
cessive days  from  Dec  I4th,  1877,  a  pressure  of  31*0  inches  was 
maintained  near  the  center  of  Europasia,  and  it  was  renewed 
on  the  31st  to  continue  for  ten  successive  days.  Moreover 
between  these  two  periods,  the  high  area  steadily  maintained  its 
position,  and  the  pressure  at  the  center  at  no  time  sunk  below 
30'78  inches.  A  high  area  had  also  existed  in  nearly  the  same 
region  for  twelve  days  preceding  Dec.  14th,  and  it  continued 
for  eleven  days  succeeding  Jan.  9th,  so  that  for  50  successive 
days  there  was  an  area  of  high  pressure  covering  nearly  the 
whole  of  Europasia,  exhibiting  considerable  fluctuations  in 
magnitude,  but  having  no  very  decided  progressive  movement, 
and  during  this  whole  period  the  pressure  at  the  center  never 
fell  as  low  as  30*5  inches.  In  order  to  exhibit  these  phenomena 
tnore  clearly  I  have  prepared  table  V,  which  shows  the  most 
mportant  facts  which  can  be  collected  from  the  International 
bulletin. 

The  arrangement  is  similar  to  that  of  preceding  tables.  Col- 
imris  2  and  3  show  the  position  of  the  station  where  the 
larometer  was  highest,  and  the  six  succeeding  columns  show 
he  pressure,  temperature,  humidity,  direction  and  force  of  the 
vind,  and  amount  of  cloudiness  at  the  same  station. 

On  Dec.  2d  the  isobar  of  30  inches  enclosed  the  principal 
)art  of  Europasia.  The  barometer  at  Archangel  stood  at  30*58 
nches,  and  at  Kasan  it  stood  at  30*55  inches,  the  center  of  the 
ligh  area  being  near  lat.  60°.  The  temperature  was  somewhat 
ibove  the  mean  for  that  season  of  the  year,  and  the  winds  blew 
>utward  from  the  high  area,  at  some  places  with  considerable 
:orce.  Apparently  this  high  pressure  resulted  from  the  air 
^hicb  rose  from  an  area  of  low  pressure  prevailing  near  South 
jl^reenland,  which  air  moved  eastward  and  settled  down  over 
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Table  V. — Long  oontinued  high  prelum  over  Europana, 


NlB 

a. 

I 

PnD. 

l'"- 

91 
S6 

1(K) 

Clm. 
BS.K. 
Calm. 
Calm. 

0 
18 

III 

Calm. 
Calm. 


79 

Calm. 

TS 

Calm. 

Clm. 

71 

S. 

72 

Calm. 

7S 

Calm. 

83 

Calm. 

96 

Calm. 

SG 

Calm. 

Sfi 

W. 

85 

C*lm. 

87 

Calm. 

10       .-.I-* 

n-i-i 

10-0)1 

—  '1 

86 

Calm, 

0 

irl-\ 

■93 

86 

Calm. 

0 

n    .  5:1:1 

■*:t-8 
s:i8 

'.'31 
!''i-l 

■as 

■9!> 

:,; 

8!l 
89 

78 

Calm. 
Calm. 

Calm. 
E. 

0 
I 
3 

+  10 

24 

N'.W. 

40 

IS       mil 

li.vr 

■fiS 

^■'o 

34 
30 

S.W. 
Calm 

22 

0 

llSl 

■!t4 

92 

Calm. 

3«1          M-\ 

!>■.■■ 

■74 

82 

N.W. 

3 

4*1 

■44 

-11 

GS 

aS-B. 

" 
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NTortherD  JRassia.  A  small  area  of  low  pressure  which  pre- 
irailed  over  Southwestern  Europe,  and  a  low  area  which  ap- 
parently prevailed  near  the  northern  boundary  of  Asia  may 
aave  contributed  to  this  effect.  For  the  four  following  days, 
ihe  phenomena  remained  nearly  the  same,  but  the  pressure 
lear  the  center  of  the  high  area  increased,  and  on  the  6th  the 
sobar  of  30  inches  included  almost  the  whole  of  Asia,  extend- 
ng  into  the  Pacific  Ocean  on  the  east,  and  it  also  included  a 
arge  part  of  Europe.  On  the  7th  there  was  a  slight  diminu- 
tion of  pressure  which  continued  during  the  three  following 
Jays,  and  this  was  apparently  ihe  effect  of  a  low  area  in  North- 
ern Asia  which  drew  oflF  the  air  from  the  Northern  side  of  the 
bigh  area,  and  the  center  of  the  high  area  was  thereby  carried 
jouthward.  On  the  10th  the  pressure  on  the  north  side  was 
restored,  and  the  center  of  the  high  area  moved  northward,  but 
the  barometer  did  not  commence  rising  until  the  following  day. 
On  the  11th  the  barometer  began  to  rise,  and  now  the  small  low 
area  which  had  prevailed  over  Southern  Europe  since  Dec.  2d 
(vas  obliterated  by  the  advance  of  a  high  area  from  the  Atlantic 
Ocean.  On  the  12th  the  barometer  rose  somewhat  higher  ;  at 
Host  places  the  wind  had  subsided  almost  to  a  calm,  and  the 
lir  was  generally  leas  humid.  On  the  13th  the  rise  in  the 
larometer  was  more  decided,  and  now  a  great  change  of  tem- 
perature which  for  several  days  had  been  steadily  advancing 
rem  the  eastward,  had  reached  ;htf  center  of  high  pressure. 

On  the  14th  the  isobar  310  inches  included  an  area  about 
400  miles  in  length  and  800  in  breadth,  and  the  pressure 
ttained  its  maximum  between  the  16th  and  17th.  On  the  19th 
he  isobar  31*0  inches  apparently  included  an  area  3400  miles  in 
sngth,  and  1450  miles  in  breadth.  Throughout  the  central  por- 
ioDS  of  this  high  area,  the  air  was  dry,  the  wind  subsided  almost 
o  a  calm,  and  the  sky  was  generally  cloudless.  After  the  17th 
be  barometer  began  to  fall,  the  temperature  rose  somewhat,  the 
lumidity  of  the  air  increased,  and  there  was  some  cloudiness, 
>ut  tiie  clouds  were  reported  light  This  decline  of  pressure 
nay  have  been  due  to  the  fact  that  the  outward  movement  of 
he  air  from  the  hij^h  area  had 'become  greater  than  the  supply 
rom  the  low  areas  before  named,  two  of  which  had  now  become 
extinct.  After  the  20th  the  low  area  which  had  prevailed  over 
he  Atlantic  Ocean  advanced  eastward,  and  on  the  14th  the 
sobar  29*0  inches  included  the  whole  of  Norway,  by  which 
neans  the  pressure  throughout  Europe  and  Western  Asia  was 
greatly  reduced.  At  the  same  time  there  was  some  increase  of 
emperature,  but  the  rise  of  the  thermometer  indicated  by  Table 
V  on  the  20th  and  21st,  was  due  mainly  to  a  change  of  position 
)f  the  high  center.  The  thermometer  at  Barnaul  still  continued 
JO  degrees  below  zero  of  Fahrenheit. 
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After  the  24th  the  low  area  over  Norway  was  diverted  west- 
ward, perhaps  by  the  warmer  and  more  humid  air  upon  that 
side,  and  after  the  27th  the  pressure  over  Asia  began  to 
increase,  and  reached  31*0  inches  on  the  81st,  at  which  time  the 
conditions  were  similar  to  what  they  had  been  on  the  14tb,  but 
the  cold  at  the  ci  nter  of  the  high  area  was  less  intense.  The 
region  of  greatest  cold  was  near  the  center  of  Asia,  but  up  to 
Jan.  6th  ihe  center  of  the  high  area  was  in  Eastern  Europe  or 
in  Western  Asia.  The  high  area  was  apparently  attracted  west- 
ward by  a  second  high  area  in  the  neighborhood  of  Spain  which 
coalesced  with  the  Asiatic  area  on  the  3d.  On  the  4th  a  con- 
siderable area  of  low  pressure,  which  on  the  preceding  day  had 
prevailed  near  the  coast  of  Norway,  pushed  farther  eastward,  by 
which  means  the  pressure  in  Northern  Europe  was  diminished 
and  the  center  of  high  pressure  moved  eastward.  It  now  came 
into  the  region  where  a  very  low  temperature  had  been  prevail- 
ing since  the  beginning  of  December.  Simultaneously  with  the 
fall  in  temperature,  the  pressure  at  the  center  increased  «nd 
continued  thus  through  the  9th.  On  the  10th  the-barometer  fell 
below  31*0  inches  and  for  the  next  10  days  continued  with  some 
fluctuations  to  decline  until  it  fell  below  30*5  inches.  The  roost 
important  cause  for  this  decline,  as  far  as  can  be  learned  from 
the  International  maps,  was  the  eastward  progress  of  the  low 
area  in  Europe  already  mentioned.  This  low  area  drew  oflF 
the  air  from  the  western  side  of  the  Asiatic  high  area,  and  afler 
the  9th  the  high  area  was  not  built  up  on  its  eastern  side  as  fast 
as  it  was  reduced  on  its  western  side.  On  the  16th  and  17th  a 
low  area  from  the  Pacific  Ocean  crowded  the  high  area  on  its 
northeast  side,  in  consequence  of  which  the  center  of  the  high 
area  moved  southward.  The  rise  of  the  thermometer  shown  by 
Table  V,  from  the  16th  to  the  19th  was  the  result  of  this  south- 
ward movement  of  the  center  of  high  pressure.  At  Nertchinsk 
the  thermometer  still  remained  below  zero  of  Fahrenheit.  On 
the  19th  the  Pacific  low  area  was  filled  up  by  the  air  which 
pressed  in  from  the  north,  and  the  result  was  a  slight  increase 
of  the  high  area  over  Central  Asia.  This  increase  was  how- 
ever but  temporary,  for  on  the  21st  the  storm  which  had  long 
prevailed  in  Europe  gained  a  considerable  increase  of  intensity 
while  a  low  area  of  moderate  extent  pushed  northward  from  the 
Persian  Gulf,  and  by  the  union  of  these  two  low  areas  the  high 
area  over  Asia  was  completely  broken  up,  and  on  the  22d  the 
highest  pressure  reported  at  any  of  the  Russian  stations  was 
30 "3  inches. 

The  history  of  this  high  area  which  for  60  successive  days 
covered  a  large  portion  of  Europasia,  and  which  obtained  a 
maximum  greater  than  i)as  ever  been  known  at  any  other  time 
in  any  part  of  the  world,  ought  to  furnish  a  basis  for  some 
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important  conclasions.  If  it  should  be  asked  what  is  the  cause 
of  areas  of  high  pressure,  the  answer  is  plain,  they  are  the  nec- 
essary concomitants  of  areas  of  low  pressure.  If  at  any  place  of 
the  earth's  surface  the  barometer  sinks  below  its  mean  height, 
it  must  rise  above  its  mean  height  at  some  other  place.  If  we 
find  an  area  of  low  pressure  of  vast  extent,  we  know  that  there 
must  be  a  corresponding  area  of  high  pressure  in  some  other 
part  of  the  world.  For  the  entire  globe,  the  toial  amount  of  air 
which  at  any  instant  is  elevated  above  the  mean  level  surface 
must  be  exactly  equal  to  the  total  amount  which  in  other 
regions  is  abstracted  from  beneath  the  mean  level  surface. 
Areas  of  high  pressure  are  therefore  built  up  by  air  which 
comes  from  areas  of  low  pressure.  We  also  know  that  within 
an  area  of  low  pressure  at  the  surface  of  the  earth,  there  is  a 
general  movement  of  the  air  inward;  that  near  the  central  por- 
tion of  this  area  the  air  ascends  and  flows  off  to  other  portions 
of  the  globe.  Also  within  an  area  of  high  pressure  at  the  sur- 
face of  the  earth,  there  is  a  general  movement  of  the  air  outward; 
and  since  high  areas  often  continue  many  days  and  sometimes 
many  weeks,  there  must  be  a  fresh  accession  of  air  at  the  top  to 
supply  the  place  of  the  air  which  is  drawn  off  by  the  outward 
movement  near  the  surface  of  the  earth.  The  air  which  ascends 
from  an  area  of  low  pressure  goes  therefore  to  maintain  the 
descending  movement  within  a*'-  area  of  high  pressure.  This 
deduction  seems  so  obvious  as  scarcely  to  require  confirmation 
from  direct  observationa  It  has  however  been  abundantly 
confirmed  by  an  extensive  series  of  observations  on  the  move- 
ment of  cirrus  clouds  made  in  1875  and  76  under  the  direction 
of  Dr.  Hildebrandsson.  By  these  observations  it  has  been 
shown  that  the  air  which  ascends  from  an  area  of  low  pressure, 
after  reaching  an  elevation  corresponding  to  the  usual  height  of 
the  cirrus  clouds,  recedes  from  the  center  of  the  low  area,  and 
moves  toward  an  area  of  high  pressure. 

When  we  attempt  to  apply  this  general  principle  to  a  particu- 
lar case  we  are  frequently  in  doubt  as  to  the  particular  low  area 
from  which  a  given  high  area  draws  its  supply  of  air.  In  the 
observations  collected  by  Dr.  Hildebrandsson,  when  a  low  area 
prevailed  over  the  Atlantic  Ocean  and  a  high  area  over  Eastern 
Europe,  the  cirrus  clouds  generally  moved  toward  the  area  of 
high  pressure  on  the  east  side ;  but  when  a  low  area  prevailed 
over  Eastern  Europe  with  a  high  area  over  the  Atlantic  Ocean 
the  cirrus  clouds  generally  moved  toward  the  area  of  high 
pressure  on  the  west  side.  It  is  noticeable  that  the  period  of 
greatest  barometric  pressure  over  Europasia  corresponds  with 
the  period  of  least  pressure  over  the  Atlantic  Ocean.  There 
does  not  therefore  seem  to  be  any  room  for  doubt  that  the  high 
areas  of  Europasia  derive  their  chief  supply  of  air  from  the  low 
areas  which  prevail  over  the  Atlantic  Ocean. 
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If  we  eoqaire  for  the  caaae  of  the  low  temperature  whidi 
generally  attends  areas  of  high  pressnre,  I  think  we  must  admit 
that  the  low  teroperatare  is  in  part  the  caase  and  in  part  the 
efleet  of  the  high  pressure.  A  low  temperature  increases  the 
density  of  the  air,  and  the  height  of  a  given  weight  of  air  is 
thereby  diminished.  Its  pressure  is  not  however  thereby 
increased,  bat  the  void  left  in  the  apper  r^ions  of  the  atmos- 
phere most  be  filled  by  air  flowing  in  jfrom  neighboring  regions, 
and  the  pressure  over  the  cold  area  is  thus  increased.  The 
reduced  temperature  becomes  indirectly  a  cause  of  increased 
pressure.  This  high  pressure  accompanied  by  extreme  cold 
generally  results  in  a  calm  and  dry  atmosphere  free  from  clouds. 
The  heat  of  the  earth's  surface  is  now  rapidly  dissipated  by  radia- 
tion, and  thus  the  high  pressure  becomes  a  source  of  increased 
cold.  High  pressure  and  low  temperature  reenforce  each  other, 
and  they  are  almost  invariably  associated,  particularly  in  the 
extremely  high  pressures  which  occur  during  the  colder  months 
of  the  year. 

The  long  duration  of  areas  of  high  pressure  over  Europasia 
appears  to  be  due  to  the  favorable  conditions  for  the  formation 
of  such  areas  which  prevail  in  this  part  of  the  world  during  the 
winter  months.  During  this  period,  areas  of  low  pressure  of 
extreme  violence  prevail  almost  uninterruptedly  over  the 
Atlantic  Ocean,  and  the  air  which  here  ascends  moves  eastward 
and  settles  down  over  Europasia.  This  is  a  vast  continent,  the 
central  portions  of  which  are  removed  to  a  great  distance  from 
any  large  body  of  water.  Here  the  sources  of  atmospherib  dis- 
turbances are  few — the  air  is  generally  tranquil  and  without 
much  cloudiness — the  heat  of  the  earth  is  rapidly  wasted  by 
radiation — and  the  low  temperature  reenforces  the  high  pres- 
sure. Thus  during  the  winter  months,  high  pressure  over  Asia 
becomes  as  habitual  as  low  pressure  over  the  Atlantic  Ocean. 

During  each  of  the  winters  from  1878  to  1884  the  areas  of 
high  pressure  over  Europasia  exhibited  characteristics  similar 
to  those  we  have  found  for  the  winter  of  1877-8.  In  the  win- 
ter of  1878-9  from  Dec  18,  1878  to  Feb.  11,  1879,  a  period  of 
56  days,  an  area  of  high  pressure  prevailed  over  a  large  portion 
of  Europasia,  and  during  this  period  the  pressure  at  the  center 
at  no  time  sunk  below  30*5  inches.  At  three  different  times 
during  this  period  the  barometer  rose  above  31*0  inches  and  it 
attained  a  maximum  of  31*26  inches.  During  the  winter  of 
1879-80  an  area  of  high  pressure  prevailed  over  Europasia 
from  Jan.  6th  to  March  4th,  1880,  a  period  of  60  days  without 
at  any  time  sinking  below  30*5  inches;  and  on  eight  different 
days  the  pressure  was  as  high  as  31*0  inches,  the  maximum 
being  31*17  inches.  During  the  winter  of  1881-2  an  area  of 
high  pressure  prevailed  over  some  part  of  Europasia  from  Nov. 
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f  1881  to  Feb:  25,  1882,  a  period  of  91  days,  during  which 
^e  the  barometer  at  some  one  of  the  stations  was  observed  as 
ih  as  30'5  inche&  On  six  days  the  barometer  rose  above 
*0  inches  and  it  attained  a  maximum  of  81*2  inches. 
Tn  reviewing  the  history  of  these  seven  years  we  must  con- 
t<3e  that  the  areas  of  high  pressure  which  are  so  prevalent 
er  Europasia  during  the  winter  months  ^how  no  decided  pro- 
issive  movement  in  any  fixed  direction.  They  often  remain 
E4.rly  stationary  for  weeks  in  succession,  with  only  such  ap- 
r^nt  motion  as  is  due  to  a  slight  decline  in  some  places  and 
flight  reenforcement  in  other  places,  resulting  perhaps  from 
i^l  causes,  or  from  some  change  in  the  circulation  of  the 
iDer  strata  of  the  atmosphera 
XVe  also  see  that  a  pressure  of  at  least  80*5  inches  is  almost 

interrupted  over  some  portion  of  Europasia  during  the  winter 
^nths,  and  the  interruptions  which  occasionally  occur  are  due 

areas  of  low  pressure  which  push  southward  from  the  higher 
-itudes.     The  rarity  of  this  phenomenon,  and  the  smallness 

the  depression  when  it  does  occur,  illustrate  the  difficulty 
biich  an  area  of  low  pressure  experiences  in  penetrating  a 
Xge  mass  of  very  cold  air. 

The  accompanying  plate,  derived  from  the  International 
Nervations,  will  ^ive  a  more  distinct  idea  of  the  relation  of 
eas  of  high  and  Tow  pressure,  and  will  show  the  magnitude 
liich  these  areas  sometimes  attain.  The  plate  gives  the  isobars 
r  Dea  16,  1882,  and  shows  a  high  area  covering  nearly  the 
bolqfof  Europe  and  Asia  and  extending  somewhat  over  the 
icific  Ocean.  Another  high  area  covers  nearly  the  whole  of 
orth  Anierica;  an  area  of  low  pressure,  with  its  isobars  very 
ach  elongated,  stretches  entirely  across  the  Atlantic  Ocean, 
erlapping  portions  of  Europe  and  America;  and  another  area 

low  pressure  covers  a  large  part  of  the  North  Pacific  Ocean. 
pvo  high  areas,  combined  with  two  low  areas,  make  ihe  entire 
rcuit  of  the  northern  hemisphere  near  the  parallel  of  50°.  A 
ird  high  area,  of  moderate  elevation,  is  found  over  the  south- 
D  part  of  the  North  Atlantic,  and  there  is  a  fourth  high  area 
;  small  extent  over  the  Pacific  Ocean  near  the  coast  of  Cali- 
•rnia.  This  map  represents  in  an  exaggerated  form  the  aver- 
se distribution  of  pressure  during  the  winter  months,  viz: 
igh  pressure  over  the  continents  and  low  pressure  over  the 
ijeans. 

It  is  very  rare  that  so  small  a  number  of  areas  of  high  and 
)w  pressure  complete  the  circuit  of  the  northern  hemisphere. 
Generally  the  areas  are  much  more  numerous  and  of  smaller 
imensions ;  the  areas  are  of  very  unequal  size  and  are  com- 
ined  in  very  irregular  positions ;  but  during  the  colder  months 
f  the  year,  low  areas  are  most  prevalent  over  the  Atlantic  and 
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Paoifio  oceans ;  a  high  area  generally  prevails  over  Earopaaia, 
frequently  showing  more  than  one  center  of  maximum  pressoie, 
ana  a  moderately  high  area  generally  prevails  over  some  (lartof 
Norih  America,  bat  it  is  not  as  persistent  as  the  high  area  over 
Asia. 

The  facts  stated  in  this  paper  clearly  show  that  the  movement 
of  areas  of  high  pressure  depends  upon  very  different  caases 
from  that  of  areas  of  low  pressure.     Areas  of  low  pressure  seem 
to  be  endowed  with  a  power  of  locomotion  which  resides  within 
themselves.     The  heat  liberated  in  the  condensation  of  vapor 
develops  a  power  which  draws  in  the  surrounding  air,  and  this 
motion,  combined  with  the  movement  which  results  from  the 
general  system  of  atmospheric  circulation,  causes  a  rapid  dis* 
placement  of  the  low  center.     Areas  of  high  pressure  exhibit 
no  such  power.     Their  low  temperature  creates  a  tendency  to 
crowd  toward  a  warmer  region ;  and  this  tendency  is  obscorely 
seen  in  the  high  areas  of  Europe  and  Asia.     It  is  more  dis- 
tinctly seen  in  tlie  high  areas  of  the  United  States,  probably  on 
account  of  the  proximity  of  a  much  higher  temperature,  viz : 
the  Oulf  of  Mexico  on  the  south,  and  the  Atlantic  Ocean  with 
the  Oulf  Stream  on  the  east.     Aside  from  this  cause,  the  move- 
ment of  areas  of  high  pressure  seems  to  depend  entirely  upou 
external  forces.     A  neighboring  area  of  low  pressure  may  draW 
off  the  air  from  one  side,  and  thereby  cause  a  displacement  af 
the  center  of  maximum  pressure;   or  the  high  area  may  l»^ 
reon forced  at  the  top  in  such  a  manner  as  to  cause  a  rapid  mov0' 
ment  of  the  center  of  maximum    pressure,  in  a  direction  ano- 
with  a  velocity  vvhicii  are  apparently  subject  to  no  law. 


Art.  XXIX. — Tlie  Faults  of  Southwest  Virginia;  by  JoHX 
Stevenson,  Professor  in   University  of  the  City  of   New:^^ 
York. 

The  existence  of  great  faults  in  southwest  Virginia  w 
made  known  in  1836  by  Professor  Wm.  B.  Rogers,  three  pri 
cipal  faults  being  shown  on  the  long  cross-section  appended  t^ 
his  **  Reconnaissance."*  The  existence  of  the  Saltville  an- 
New  Garden  faults  is  asserted  in  a  paper  on  Thermal  Sprin 
by  the  same  author  and  in  a  long  memoir  on  the  structure  c — ^"^f^ 
the  Appalachian  Chain  by  Professors  W.  B.  and  H.  D.  Rogers — -^t 
At  a  much  later  date,  Professor  J.  P.  Lesley  ran  several  lin^  -*^^ 
across  portions  of  the  faulted  area  on  both  sides  of  New  Riv^   ^^^^ 

♦  llo|)ort  of  the  Geological  Re(X)niiai88anoe  of  the  State  of  Virj^nia,  1836.        

fThese  ])ai)tT8  are  contiiiiied  in  the  volume  of  the  Transactions  of  the  a  m/v-^-^:^*;!* 
tion  of  Auiericau  (ieologipts  aud  Naturalists,  1840-42. 
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added  greatly  to  the  knowledge  of  the  general  structure,* 
hich  he  first  appears  to  have  had  a  clear  conception.  Pro- 
)r  Safford*8  map  of  Tennessee  shows  the  extent  of  the 
ts  in  that  State.  The  wriier  has  made  a  reconnaissance  of 
Faulted  region  in  Virginia  from  the  Tennessee  line  to  almost 
ity  miles  beyond  New  River,  a  distance  of  150  miles,  and 
jiven  the  results  in  several  memoirs  read  before  the  Ameri- 
Philosophical  Society.f  As  these  last  are  independent, 
•mation  respecting  the  several  faults  is  broken  in  such   a 

that  a  summary  statement  is  necessary  to  render  it  avail- 
If  more  of  detail  should    be  needea,  the  reader  is  re- 
?d  to  the  memoirs  cited. 
he  "  Great  Valley  "  follows  the  northerly  or  northwesterly 

of  the  Blue  Ridge  from  New  England  to  Alabama  ana, 
jpt  where  broken  by  fanlts,  is  underlaid  by  Lower  Silurian 
Cambrian  rocks.  In  New  York,  Pennsylvania  and  Mary- 
i,  it  is  bounded  on  the  northerly  side  by  anticlinals  and 
^linals  carrying  the  newer  rocks  so  that  within  a  little  dis- 
e  one  is  in  the  Upper  Devonian.  The  conditions  are  simple, 
e  being  no  faults  of  great  longitudinal  extent  cutting  off 
valley  on  that  side.  The  only  faults  lie  at  a  considerable 
ince  beyond  the  valley  and,  though  of  much  interest,  are 
rly  insignificant  in  comparison  with  those  found  farther 
h. 

t  no  great  distance  southward  in  Virginia,  strips  of  Lower 
rian  are  shown  beyond  the  line  of  the  "Great  Valley." 
^e  are  more  numerous  near  New  River  and  become  wider 
ce  to  the  Tennessee  line ;  while  near  and  beyond  the  same 
•  the  valley  itself  is  broken  by  patches  of  Upper  Silurian, 
:>nian  and  even  Lower  Carboniferous  rocks.  These  great 
iges  are  due  to  faults  as  remarkable  for  their  longitudinal 
►r  their  vertical  extent. 

ne  greatest  width  of  the  faulted  area  in  southwest  Virginia 
bout  forty  miles,  measured  along  a  line  passing  through 
Lhe,  Giles  and  Tazewell  Counties  of  Virginia.  The  faults, 
rated  by  varying  intervals,  show  Knox  limestone  on  the 
herly  or  upthrow  side,  while  the  beds  on  the  northerly  or 
nthrow  side  may  belong  anywhere  from  Lower  Silurian  to 
»er  Carboniferous.  Thus  the  region  is  broken  into  a. series 
Iternating  *^rich"  and  "poor"  valleys,  underlaid  in  the 
ler  by  Lower  Silurian  limestones  and  in  the  latter  by 
)er  Silurian  and  Devonian  shales.     The  sections  shown  by 

'rofesBor  Lesley's  papers  were  read  before  the  American  Philosophical 
ty  on  May  16th,  1862,  and  on  April  21  si,  1871. 

he  dates  of  these  papers  are  August  20th.  1880,  January  21st  1881,  Octo- 
th,  1881,  November  21st,  1884,  and  one  not  yet  read  before  the  Sooietj. 

[.  JouB.  Soi.— Tbibd  Sxhues,  Vol.  XXXIII,  Na  196.— April,  1887. 
IT 
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the  blocks  held  between  the  fiialts  vary  mach  in  length,  the 
most  extended  being  that  between  the  Copper  Creek  and  Salt- 
ville  faults,  where  the  column  reaches  from  the  bottom  of  the 
Knox  calcareous  rocks  to  the  top  of  the  Umbral,  possibly  itt 
some  plact?5«  to  the  Coal  Measures. 

Tnc  bkx^ks  between  the  faults  are  not  always  monoclinals^ 
as  might  bo  inferrevl  from  a  hasty  perusal  of  some  papers  pre  - 
sentevl  prior  to  those  of  the  writer:  far  from  it.  Whereth< 
blocks  are  brv^ad,  seven  or  t-iirht  miles,  groups  of  anticlini' 
occur,  oant>e-sha|>e\l  and  overlapping,  thus  reproducing  tho 
features  !*o  eharacieristio  of  Upper  and  Lower  Silurian  areas  in 
Central  Pennsylvania.  But  these  folds  are  not  parallel  to  tlie 
faults  and  any  relationship  appearing  to  exist  between  tbe 
faults  and  such  folds  is  evidently  fortuitous. 

Three  faults  entering  Virsrinia  from  Tennessee,  termed  by 
the  writer,  the  Poor  Valley,  the  Wallen's  Rid^e  and  the  Pat- 
tonsville,  and  having  a  vertical  extent  of  2400,  2b00  and  50O 
feet  resjK*ctively,  disap{>ear  within  a  few  miles,  being  simply 
fissures  on  the  southeasterly  side  of  a  bold  anticlinal,  that  of 
Powell-Stone  Mountain,  which  also  disappears  within  a  short 
distance.     The  important,  persistent  faults  are — 

The  Clinch  Grv>np.  the  Copper  Creek,  the  Saltville,  the 
Walker  Mountain  :  beside  which  are  the  short  faults  of  Draper 
and  Price  Mountains  in  the  valley,  with  the  cross-faults,  Ma^ 
Meadows  and  Pulaski,  extending  from  the  Draper  Mountain 
fault  toward  that  of  Walker  Mountain. 

The  Clinch  Gro'ip  of  faults  includes  the  Clinch  Uplift  ariJ 
Abb's  Valley  fault  of  Professor  Lesley's  1871  memoir;  as  tU« 
writer  ran  some  lines  between  those  of  Professor  Lesley,  b^ 
has  been  enal>Ied  to  elaborate  the  group  somewhat  and  to  di^' 
cover  a  more  ooinpiioated  structure  than  was  at  first  supposet3- 
The  ^T^roup  ovMisists  of — 

a.  The  Hunter  Valley  fault  or  Clinch  Uplift:  b.  The  Ne^ 
Garden  lau  i :  c    The  Stony  Rivlge  fault;  d.  The  Abb's  Vall^V 

The  Clinoli   U|>litt  enters  Scott  County.  Va.,  from  Tenn^^' 
e    contiiHus  tlirouirh  ih.it  county  into  Russell  without  int^^' 


to  have  been  found  had  its  course  been  unchanged:  it  is  join 
bv  the  cross   lault  from  the  Clinch   L'plift  and   it  contin 
through  Russell  and  Tazewell  Counties  of  Virginia  into  Me 

County  of  West  Virginia,   where  it  follows  the  northerly  .^ , 

of  East  River  Mountain  to  certainly  twenty-five  miles  beyo        °^ 


C8 

it 
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7  River.  The  Stony  Ridge  fault  begins  in  Rassell  County 
continues  thence  through  Tazewell  into  Mercer  County  of 
3t  Virginia.     The  Abb's  Valley  begins  in  Tazewell  County 

extends  into  Mercer  County.  These  two  faults  do  not 
5ar  to  reach  New  River,  hut  of  this  the  writer  may  not 
kk  positively  as  he  has  not  crossed  their  place  near  the  river. 

intervals  between  these  faults  increases  eastwardly. 
he  Copper  Creek  fault  enters  from  Tennessee,  passes  through 
\X  County  and  within  a  few  miles  in  Russell  County  disap- 
*8  in  the  Elk  Garden  anticlinal,  a  fold  with  double  or  triple 
t,  which  is  followed  easily  through  Russell  and  Tazewell 
nties  into  Bland  ;  but  soon  after  entering  the  last  county  a 
ble  fault,  the  Winouah,  arises  from  the  anticlinal,  which, 
I  few  miles  farther,  gives  off  from  its  northerly  side  a  sec- 
,  that  of  Buckhorn  Mountain.  These  two  faults  cross  the 
?  River  and  enter  Craig  County,  but  they  evidently  disap- 
p  a  little  way  beyond,  as  they  do  not  appear  there  in 
;ers*s  cross-section.  Where  the  Buckhorn  fault  begins,  the 
rval  to  the  other  is  only  a  few  rods,  but  at  New  River  it  is 
ost  two  miles.  The  Winonah,  like  the  Copper  Creek  fault, 
1  Knox,  but  it  holds  a  vertical  wall  of  white  Medina  in  the 
^ice.  It  evidently  gives  off  a  similar  branch  beyond  New 
er,  for  there  two  lines  of  white  Medina  appear  in  the  Knox 
jstones. 

'he  Saltville  fault,  the  North  Holston  fault  of  Lesley's  1871 
noir,  is,  so  far  as  the  writer  has  been  able  to  determine,  a 
tinuous  fracture  from  Tennessee  to  thirty  miles  beyond 
V  River.     How  much  farther  it  extends,  the  writer  has  not 

ascertained.  It  is  of  especial  interest  in  that  its  course 
ibits  total  indifference  to  that  of  the  anticlinals  and  to  the 
ke  of  the  rocks.  It  shows  no  material  variation  in  the  ex- 
'  of  its  throw. 

'he  fault  of  Walker  Mountain  enters  Washington  County 
n  Tennessee  as  a  throw  in  the  Knox  beds,  but  soon  after 
Jring  Smyth  County  the  throw  becomes  stronger  and  before 
iring  Wyihc  County,  Umbral  shales  are  shown  on  thedown- 
►w  side.  Thence  to  twenty  miles  beyond  New  River  the 
t  remains  the  same.  How  much  farther  it  extends  was  not 
rtained,  but  like  the  Saltville  it  gives  promise  of  many 
18.  One  of  these  two  is,  no  doubt,  the  "great  fault '' so 
n   spoken   of  as  following  the  northerly  or  northwesterly 

of  the  valley. 

he  Draper  Mountain  fault  is  a  short  fracture  in  Wythe  and 
iski  Counties,  which  brings  up  the  Potsdam  as  a  rugged 
ntain  in  the  heart  of  the  valley.  Two  cross-faults  pass 
i  it,  the  Max  Meadows  in  a  westward  direction  and  the 
iski  in   a  northwestward    direction,   toward   the  Walker 
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Mountain  fault;  so  that  in  the  very  heart  of  the  "  Great  Val- 
ley "  there  is  a  block  of  Upper  Silurian,  Devonian  and  Lower 
Carboniferous  with  Lower  Silurian  on  two  sides,  Cambrian  on 
the  third  and  Lower  Carboniferous  on  the  fourth. 

A  curious  double  fault,  that  of  Price  Mountain  in  Mont- 
gomery County,  brings  up  a  short  anticlinal  ridge  of  Lower 
Carboniferous  midway  in  the  valley.  This  V-shaped  fault  is 
short  and  its  branches  are  separated  by  an  interval  of  not  more 
than  three  miles  and  a  half  at  the  widest  place. 

The  faults  do  not  follow  straight  lines  and  their  courses 
show  much  variation.     The  intervals  show  equal  variation. 

As  has  been  said  already  the  vertical  extent  of  a  fault  is  not 
the  same  along  the  whole  line.  It  was  observed  that  the  faults 
where  followed  out  proved  to  be  merely  cracked  anticlinals; 
the  most  notable  illustration  being  found  in  the  Copper  Creek 
fault,  which  disappears  in  the  Elk  Garden  anticlinal,  only  to 
reappear  after  a  distance  of  seventy  miles  in  the  Winonah  and 
Buckhorn  faults,  which  in  their  turn  disappear  in  an  anticlinal. 
The  Max  Meadows,  Draper  Mountain,  Abas  Valley  faults  and 
the  three  small  faults  of  Lee  and  Scott  Countios  illustrate  the 
matter  almost  equally  well.  Such  being  the  origin  of  the 
fault,  variation  in  the  vertical  extent  must  be  looked  for. 

But  the  strength  of  the  throw  may  be  the  same  for  a  long 
distance  while  the  apparent  strength  may  be  very  different. 
The  development  of  anticlinals  on  one  side  or  the  other,  anti- 
clinals belonging  to  a  time  prior  to  the  formation  of  the  faults, 
may  cause  the  appearance  of  successive  groups  on  one  side. 
An  admirable  illustration  is  found  in  the  Saltville  fault,  which 
has  Knox  limestone  on  the  upthrow  side  throughout  the  whole 
distance  examined,  while  on  the  downthrow  side  one  finds  the 
whole  series  from  the  Knox  limestone  to  the  Umbral  shales, 
possibly  to  the  Coal-measures.  But  the  extent  of  the  throw  is 
the  same  throughout,  the  variation  being  due  to  the  presence 
of  anticlinals  crossed  by  the  fault 

The  Hunter  Valley  fault  or  Clinch  uplift  illustrates  well  the 
variation  in  strength  of  the  throw.  Where  it  enters  from 
Tennessee  it  shows  Knox  on  the  upthrow  and  Clinton  on  the 
downthrow  side;  but  within  a  few  miles  Hamilton  is  on  the 
downthrow,  while  within  ten  miles  farther.  Lower  Coal-meas- 
ures (Quinniraont)  are  in  the  fault  on  the  downthrow  side. 
The  upthrow  diminishes  in  Russell  County  beyond  the  origin 
of  the  New  Garden  fault  so  that  Middle  Coal-measures  are  in 
contact  first  with  Devonian  and  then  with  Lower  Coal-measures. 
The  Walker  Mountain  fault  illustrates  the  same  thing  equally 
well,  for  though  it  enters  as  a  fault  in  the  Knox  the  down- 
throw gradually  increases  until  in  Wythe  County  the  whole 
series  to  the  top  of  the  Umbral  is  seen. 


li 
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he  extent  of  the  faults,  both  vertical  and  longitudinal,  is 
3llows : 

Vertical.  Longitudinal  in  Virginia. 

Poor  Valley 2,400'  to  O'  40  miles. 

Wallen's  Ridge 2,800'  to  0'  26      " 

Patto^sville 500' to  0'  20      " 

linch  Group — 

a.  Hunter  Valley 8,500'  to  0'  65  +   " 

h.  New  Garden 7,600' to  0'  102+  " 

c.  Stony  Ridge 2,300' to  0'  50+   " 

d.  Abb's  Valley 1,700' to  u'  40+  " 

Copper  Creek,  etc 3,000'  to  0'  45       ** 

Saltville 10,000' to  500'  130+   " 

Walkor  Mountain 10,000'  to  1,000'       130+  '* 

Max  Meadows 9,800'  20       " 

Pulaski 9,600'  8       " 

Draper  Mountain 12,500'  to  O'  20       " 

Price  Mountain 1 0,000'  10+" 

• 

'he  conditions  in  the  immediate  vicinity  of  the  apparent 
X  lines  are  not  easily  ascertained,  for  ordinarily  the  line  of 
tact  and  the  area  to  a  considerable  distance  on  each  side  are 
ered  by  rubbish.  More  than  that :  the  thrust  has  been 
icient  to  shove  the  upihrown  beds  to  a  considerable  distance 
r  on  the  downthrown  beds  as  is  shown  by  the  Hunter  Val- 

fault  on  Big  Stony  Creek  in  Scott  County,  so  that  the 
le  of  the  fault  is  necessarily  somewhat  obscure.  That  the 
Its  are  practically  cracked  anticlinals,  however,  is  suflRciently 
lent  from  their  origin  and  disappearance;  but  traces  of  the 
clinal  structure  are  not  wanting  along  the  faulted  lines, 
is  the  great  Clinch  or  Hunter  Valley  fault  shows,  near  the 
nessee  line,  Clinton  and  Knox  in  contact  but  each  dipping 
a  the  fault.  A  similar  structure  was  seen  thirty  miles 
her  eastward,  where  Lower  Carboniferous  and  Devonian 
upturned  on  the  northerly  side  of  the  fracture;  while  still 
her  east  the  Lower  Coal-measures  (Quinnimont)  are  shown 
the  northerly  side  dipping  away  from  the  fault  at  sixty  to 
5nty  degrees,  with  the  Knox  beds  on  the  other  side  also 
Ding  away  from  the  fault  but  at  a  less  rate.  But  the  condi- 
s  vary,  and  at  several  localities  along  this  fault  the  dip  on 

downthrow  side  is  toward  the  fault,  the  thrust  evidently 
ing  been  sufficient  to  carry  the  upthrown  rocks  over  the 

lo  a  considerable  distance.     This  is  apparently  the  condi- 

along  the  Walker  Mountain  fault  everywhere  within  the 
.  examined  ;  for  the  conformability  is  so  close  that  the 
itence  of  a  fault  would  not  be  suspected  by  one  depending 
T  on  the  local  stratigraphy. 
;ocks  in  the  immediate  vicinity  of  the  apparent  fault  lin< 
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where  the  upthrown  and  downthrown  rocks  are  in  contact- 
frequently  show  no  signs  of  disturbance  other  than  abrupt  dip;     • 
but  the  proof  of  disturbance  is  much  more  distinct  on  the  ap- 
throw  side  at  a  distance  of  somewhat  more  than  half  a  miU 
and  beyond:  while  even  on  the  downthrow  side  the  dip  maj 
be  greater  at  some  distance  than  it  is  at  the  fault  line  itself- 
Whore  New  River  crosses  the  Walker  Mountain  fault,  the  dip 
on  the  downthrow  is  fourteen  or  fifteen  degrees,  but  at  barely 
half  a   mile  farther  down  the  stream,  the  dip  is  fifty-five  de- 
grees;  yet  within  fifteen  miles  toward  the  east,  the  conditioos 
ari»  alt  .\i»other  reversed,  the  shales  dipping  very  abruptly  ne^r 
the  fauii,   while,  at  about  one-fourth  of  a  mile  away,  thesauri' 
stomas  are  dipping  at  but  twenty-five  degrees. 

But  on  the  upthrow  side  the  disturbance  in  any  case  is  n<^ 
oonfined  to  mere  variations  in   rate  of  dip:  the  crushing    i^ 
pnuiHl  bv  numerous  narrow,  crowded,  abrupt  folds,  beginnir»£ 
at  half  a  mile  or  8<>  from  the  fault  and  continuing  for  even     ^ 
n)ilo  or  moR*.     Those  are  especially  noteworthy  near  the  fauL 
oi  the  riinoh  Gri^u]\  but  they  are  shown  in  some  places  n( 
the  Walker  Mountain  fault.     The  crushing  at  several  localiti* 
near  Olinoh    Kiver  is  excessive  and  at  one  locality  the  shah 
are  folded  as  olosely  as  micaceous  shales  on  Manhattan  islam 
but  thov  show  no  evidence  of  metamorphism. 

Thai  the  faults  are  closely  related  in  several  instances 
antiv*lina!s  has  boon  siate^l  already  more  than  once;  but  a  sy 
ton)  of  i\>Kls  still  ro:r.aii^s.  though  in  fragments,  with  which  tl 
faults  have  lut  a  foriii.TvMis  connection.  The  conditions  cai 
not  bo  o\lubiti\l  horo  wiihoui  the  aid  of  somewhat  complicate^=  ^ 
diauirants;  but  t!io  colored  maps  accompanying  the  writer  ' 
nuMnoir<  already  oiled  make  tiie  n\atter  sufficiently  clear. 

Pho  v^a:t\ir.o  fault,  best  of  all  in  Virginia,  shows  the  con d 
lions,   lor  u   outs  vmV  sovonil  folds  existing  in  the  interval  b- 
t\\«'rn  It  and  tho  Ooi^por  Oreok  fault  at  the  north,  a  space  ten 
iwolvo   injlos   wide.      FIk^   tirst  fold  at  the  west,   the  " '* 
Harden  "  axis  of  \V.   H.   Roarers,  is  an  inverted  canoe,  abot 
oiiilitv  nnlos  lon^:  an^i  aitiunink:  lis  maximum  in  Burk'8Gard( 
of  Ta.ovNoll  OvMir.tN.     As  the  fault  does  not  follow  the  stril 
but  smupIn  outs  aloi^c:  t:)o  side  of  the  canoe,  it  is  clear  enouL 
\\\\\\  \\\o  sootion  on  :ho  northerly  or  downthrow  side  must  sho 
noto\\oith\    Nasiaiiv^ns  as  the   line   approaches  or  leaves  tl 
Ink* hoi.  widor  portion  v^i*  ::*.o  oa:HX\  while  no  change  is  sho^ 


on   tho  opposite  vv  ui^il-.r^nv  sivie.     And  this  is  the  conditiou^ 


lor  wluio  i!jo  Kv.v^x  >.:nos:o:.o  :s  or.  the  upthrow  side  througj 
out.  v'lianj'.os  o:^^uc^  appear  0:1  the  other  side.  Thus  C^  ^ 
Wasluncton  Ov^;;n;\  op;\>s-.:e  Mor.viota.  t'.e  width  of  Low*'  ^ 
i\\il^Mnfoi\>i;s  !s  r.oarlv  iv^;;r  :n;*es,  :n  which  a  magnificent  se^^^ 
tuMi  of  I  ntbial  a:Ki  Vesport;::e  is  shown.     But  at  the  edge  -^^ 
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Bland  and  Smyth  Counties,  where  the  Garden  fold  is  greatest, 
the  strip  of  liower  Carboniferous  is  barely  half  a  mile  .wide 
and  the  presence  of  both  divisions  is  due  only  to  a  remarkable 
decrease  in  thickness  of  the  Umbral.  As  the  anticlinal  dimin- 
ishes, the  width  of  Lower  Carboniferous  increases;  but  the 
higher  rocks  are  not  reached,  for  within  fifteen  miles  in  Bland 
County,  the  fault  cuts  off  the  Kimberling  anticlinal  near  its 
origin. 

This  fold  rapidly  increases  in  height  and  under  its  influence 
lower  Carboniferous  rocks  soon  disappear  from  the  downthrow 
fflde  add  the  Knox  is  in  contact  with  Lower  Devonian  near  the 
line  between  Bland  and  Giles  Counties.  A  third  anticlinal, 
the  Sinking  Creek,  is  cut  by  the  fault  a  little  farther  on ; 
and  as  it  increases  in  height,  the  Knox  is  brought  into  contact 
^ith  the  successive  groups  of  the  Upper  Silurian,  with  the 
Hudson,  the  Trenton,  and  finally  with  the  upper  Knox  before 
N^w  River  has  been  reached;  while  beyond  that  river,  the 
diminution  of  the  fold  permits  the  presence  of  Trenton,  Hud- 
son, and,  before  the  eastern  limit  of  Giles  County  has  been 
reached,  of  Medina  on  the  northerly  side  of  the  fault 

The  axes  of  these  anticlinals  are  approximately  parallel  and 
niake  a  considerable  angle  with  ihe  fault. 

A  similar  condition  exists  in  the  curious  block  within  the 
2**eat  Valley  enclosed  by  the  Walker  Mountain,  Draper 
fountain,  Max  Meadows  and  Pulaski  faults.  The  Walker 
fountain  fault  Cuts  oflf,  in  succession.  Lower  Silurian,  Upper 
^ilurian  and  Devonian  on  the  upthrow  side,  while  on  the 
-^"^nthrow  side  Umbral  shales  are  shown  continuously. 
'Within  the  block  is  an  anticlinal  which  apparently  is  in  no 
^[^y  connected  with  any  of  the  folds  observed  in  the  Knox 
^^s  outside  of  the  block. 

^  The  Great  Cove  fault  of  Fulton  County,  Pennsylvania,  as 
^^cribed  by  the  writer*  shows,  as  far  as  it  goes,  equally  well 
^^tih  the  Saltville,  this  indiflference  to  the  course  of  the  pre- 
existing folds.  The  Cove  anticlinal,  like  the  Garden  axis,  is 
?^^  inverted  canoe  with  its  eroded  cove  surrounded  by  a  wall  of 
^^^dina.  The  fault,  which  holds  a  jagged  wall  of  Medina  in 
*^e  crevice,  makes  but  a  small  angle  with  the  axis  of  the  anti- 

»w^* Second  GeoL  Surv.  of  Penn.     Rep.  on  Bedford  and  Fulton  Counties,  p.  55. 
^5^i8  reference  affords  an  opportunity  of  satisfying  the  "  long-felt  want "  of  some 
^^uaintances,  who  are  at  a  loss  to  reconcile  my  maps  of  these  counties  as 
^^pended  to  the  report  with  the  maps  of  the  same  counties  as  given  m  the  Qeo- 
t^cal  Atlas  of  Penusylvania.     The  maps  cannot  be  reconciled.    Those  appended 
^^  the  geological  report  on  the  coimties  are  by  the  writer,  except  in  so  far  as  they  refer 
^^  the  Broad  Top  region,  and,  except  in  so  far  as  they  refer  to  that  region,  they  are 
^irly  good.     The  maps  in  the  Geological  AUas,  though  credited  to  me,  were  not 
^loade  by  me  in  any  sense  whatever;  they  were  printed  three  years  or  more  be- 
fore I  even  thought  of  doing  any  work  in  Bedford  and  Fulton  Counties. 


2Y0       J.  D.  Dana — Taconic  Rocks  am>d  Stratigraphy. 

dinal,  bat  sufficient  for  curious  variations,  as  may  be  seen  bj 
consulting  the  writer's  nnap  of  Fulton  County. 

The  facts  that  have  been  given  lead  the  writer  to  the  conclu- 
sion that  the  Faults  are  of  later  date  than  the  system  of  folds 
and  that  they  may  have  been  produced  at  a  time  possibly  as 
late  as  the  era  of  Mesozoic  disturbance  marked  by  dikes 
throughout  the  Triassic  area  of  the  Atlantic  border. 


Art.  XXX. — On  Taconic  Rocks  and  Stratigraphy^  with  a  Oeo- 
logical  Map  of  the  Taconic  Regions  ;  by  James  D.  Dana. 

[Coatinued  from  toI.  xxix,  p.  443,  March,  1885.] 

Part  II. — The  Middle  and  Northern  Part. 

This  part  of  my  memoir,  with  the  map  illustrating  ir,  covers 
the  region  from  the  southern  boundary  of  Great  Barrington  to 
the  northern  limit  of  Berkshire,  together  with  the  towns  of 
Pownal  and  Bennington  in  southern  Vermont,  and  the  eastern 
border  of  New  York  for  a  breadth  of  about  three  miles.  The 
map,  as  with  the  former  part,  has  only  the  limestone  areas 
colored.  Over  the  rest  the  kinds  of  rocks  are  indicated  by 
letters.     The  scale  of  the  map  is  half  an  inch  to  the  mile.* 

The  following  are  the  subdivisions  adopted  beyond  in  the  dis- 
cussion of  the  subject. 

I.  General  fiicts  relating  to  the  geographical  distribution  of  the 
limestone  and  other  rocks. 

II.  The  limestone  and  the  overlying  Taconic  straita. 

III.  The  underlying  quartzyte  formation. 

IV.  General  conclusions. 

1.    General  facts  relating  to  Vie  geographical  distribution  ofthelime- 

stone  and  other  rocks. 

1.  Williamstown  the  birthplace  of  the  Taconic  system. — The 
map  accompanying  this  paper  contains,  in  its  northwestern  part, 
the  town  ot  Williamstown  ;  antl  there  in  connection  with  Wil- 
liams Collciie  were  Prof.  Amos  Eaton  in  1817  (for  a  single  sea- 
son), Prof.  Cliester  Dewey  from  1S17  to  1827,  and  Prof.  Ebenezer 
Emnions  in  1833  and  for  manv  vears  afterward.  There  Dewev 
invosti^ated  and  was  tlie  first  to  investigate  the  Taconic  rocks, 
the  first  to  give  the  term  '*  Taconic,"  as  applied  to  the  ridges, 
its  present  form  (in  1819);  the  tirst  to  publish  a  geological 
map  of  the  region.f     As  the  history  at  this  point  has  been  writ- 

♦  The  map  will  bo  inserted  in  the  following  number. 

f  For  his  papers  see  this  Journal,  vols,  i  (1811)).  ii,  (1820),  viii  (1S24);  the  last 
contains  his  geological  map  of  western  Berkshire. 
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«n  incorrectly,  I  add  here  that  Eaton  gives  credit  for  what  he 
knows  of  the  region  to  Dewey.* 

But  Prof.  Dewey's  work  was  only  a  beginning.  Prof. 
Bmmons  took  up  the  investigation  thus  initiated  and  made 
thorough  work  of  it ;  and  finally,  adding  to  his  study  of  the 
Williamstown  region  that  of  western  Berkshire  and  Eastern 
STew  York,  gathered  the  facts  upon  which  he  based  the  Taconic 
system,  and  his  opinions  as  to  the  contrast  between  them  and  the 
eldest  Paleozoic  strata  of  central  and  northern  New  York. 

2.  General  features. — The  general  trend  of  the  chief  Taconic 
Range  and  of  the  Taconic  belt  of  rocks  is  very  nearly  that  of  the 
western  New  England  boundary— or  about  N.  15°  E.  along  the 
limit  of  Massachusetts,  and  about  N.  6°  E.  along  that  of  Yer- 
mom. 

The  topography  of  the  part  under  consideration  is  similar  to 
;hat  of  the  more  southern  section  already  described.  The  lime- 
Jtone  is  intersected  from  north  to  south  by  ridges  of  schist  and 
he  other  overlying  rocks,  and  the  most  of  these  schist  ridges 
land  isolated  within  the  limestone  area,  or  run  out  into  the 
rea  from  the  larger  ridges  like  peninsulas.  Few  limestone 
reas  on  the  map  are  wholly  enclosed  by  the  schist,  and  thus 
etached  from  tne  main  mass. 

3.  TTie  old  svbdivision  of  the  Taconic  limestone  into  an  eastern  and 
lestem  belt  not  valid. — The  distinction  of  two  ranges  or  belts  of 
mestone,  an  eastern^  east  of  the  main  Taconic  Range,  and  a 
restern,  west  of  it,  was  first  recognized  by  Dewey,  who  named 
bem,  in  the  language  of  the  day,  the  Primitive  and  the  Transi- 
'orij  the  latter  name  being  given  to  the  western,  because  the 
3ck  was  but  feebly  crystalline.  The  subdivision,  as  has  been 
•efore  explained,  is  a  fundamental  feature  of  tlie  "  Taconic  sys- 
3m."  The  former  of  the  two  limestones  is  distinguished  by 
Cmmons  as  the  Stockbridge  limestone — a  name  adopted  by 
^roi  Edward  Hitchcock  for  the  Berkshire  limestone,  while  for 
he  Eastern  Vermont  belt  he  used  the  termEolian  limestone. 

a.  The  eastern  or  Stockbridge  limestone  belt  is  continuous 
rom  near  Towner's  (on  the  Harlem  R  R.,  45  miles  from  New 
fork  city),  and  also  by  a  more  eastern  branch,  from  New  Fair- 
ield,  Connecticut,  nearly  in  the  latitude  of  Towner's,  to  Clarks- 
)urg,  on  the  northern  border  of  Berkshire,  a  distance  of  about 
>5  miles.  In  North  Adams,  the  town  next  south  of  Clarks- 
)urg,  the  belt  approaches  on  its  west  side  the  Williamstown 
imestone  within  less  than  a  mile,  but  nowhere  has  a  direct  con- 
lection  with  it  at  surface.  From  Williamstown  the  limestone 
jnters  Vermont  and  (as  the  Vermont  geological  map  indicates), 

*  Index  to  the  Geology  of  the  United  States,  1 820,  in  which  he  acknowledges 
he  "  assistance,  for  two  or  three  years,  of  that  able  and  accurate  naturalist,  Prof. 
)ewey,  of  Williams  College." 
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stretches  on  uninterruptedly  to  Weybridge,  beyond   Middle- 
bury,  making  within  the  limits  of  Vermont,  another  95  miles. 

The  western  limestone,  or  that  west  of  the  main  Taconic 
Range,  is,  in  the  first  place,  not  a  continuous  belt;  and,  sec- 
ondly, two  of  its  long  pieces  west  of  Massachusetts  are  nothing 
but  branches  from  the  eastern  limestone,  being  directly  con- 
tinuous with  it,  instead  of  distinct  lines.  It  includes  in  the 
region  here  considered,  three  parts,  a  northern,  a  middle  and  a 
southern,  .ill  in  eastern  New  York.-  The  northern  is  confined 
to  the  towns  of  Hoosic  and  Petersburgh.  The  middle  com- 
mences ^ve  miles  south  of  the  northern,  in  northern  Berlin,  and 
extends  about  25  miles  through  Stephen  town  and  New  Leba- 
non to  the  southern  part  of  the  town  of  Canaan,  N.  Y.  The 
souViern  1ms  its  north  end  in  Hillsdale,  N.  Y.,  8  to  9  miles  south 
of  Canaan  ;  and  thence  it  continues  southward  through  Copake 
into  Ancram  (11  to  12  miles),  where  it  divides  into  two 
branches,  each  of  which,  except  for  a  break  of  4  to  6  miles, 
extends  southwestward  to  the  Hudson,  reaching  it  near  Pough- 
keepsie  and  Fishkill — a  distance  in  all  of  50  to  60  miles.  Thus 
there  is  no  one  independent  western  belt 

The  two  pieces  tnat  are  only  branches  from  the  great  Ver- 
mont eastern  limestone  are  (1)  the  northern  and  (2)  the  middle; 
and  (3)  the  southern  makes  a  very  near  approach  to  a  junction 
with  the  Massachusetts  eastern  limestone. 

In  further  explanation  I  state  that  the  northern  area,  or  that 
of  Petersburg  and  Hoosic,  passes  bodily  from  Hoosic  into 
northern  Bennington  where  it  joins  the  Vermont  eastern  belt, 
or  becomes  identified  with  it.  This  same  northern  portion 
ncar/y  makes  another  junction  with  the  eastern  belt,  along  the 
Hoosic  valley  in  northern  Pownal ;  but  about  two-thirds  of  a 
mile  of  slate  intervene. 

The  middle  one  of  the  western  areas,  or  that  which  extends 
from  Berlin  southward  to  Canaan,  stretches  northeastward 
from  Stephentown  through  Hancock,  Mass.,  to  Williamstown  ; 
or,  viewed  from  the  other  direction,  the  Williamstown  lime- 
stone, which  is  a  southern  part  of  the  Vermont  eastern  (or 
Eolian)  limestone,  continues  on  southwestward  (as  Hitchcock 
first  showed)  through  Hancock  to  Stephentown  and  Canaan  ; 
so  that  this  western  limestone  is  the  southern  termination  of 
the  eastern.  The  distance  from  northern  Williamstown  to  its 
extremity  in  Canaan  is  about  35  miles,  and  hence  the  Ver- 
mont eastern  belt,  or  Eolian,  with  this  its  continuation,  is  130 
miles  long. 

The  approach  to  a  junction  between  the  middle  western  and 
the  Massachusetts  eastern  limestone  takes  place  at  the  southern 
end  in  Canaan,  where  a  long  tongue  runs  out  eastward  in  the 
open  valley  which  there  crosses  the  Taconic  Range  and  makes 
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a  nearly  level  pathway  throagh  the  moantains  for  the  Boston 
and  Albany  railroad.  The  tongae-shaped  prolongation  of  the 
limestone  area  extends  eastward  throagh  the  range,  but  half  a 
mile  of  schist  intervenes  between  it  and  the  limestone  area  of 
West  Stoekbridge  and  Richmond. 

The  southern  of  the  western  areas  is  the  only  oiie  that  makes 
no  complete  junction  with  the  eastern  belt;  but  it  approaches 
it,  as  explained  in  the  former  part  of  this  paper,  at  the  low  and 
broad  gap  in  the  Taconic  range,  between  Salisbury,  Ct.,  and 
Millerton,  N.  T. 

The  deep  gaps  or  open  valleys  that  cross  the  range  are  deep 
openings  tnrough  the  Taconic  schists,  and  hence  the  outcrop  of 
'be  limestone  through,  or  nearly  through,  the  gaps. 

These  facts  touch  a  fundamental  point  in  the  Taconic  sys- 
euQ,  for  they  show  that  the  difference  in  grade  of  the  meta- 
aorphism  between  the  limestone  areas  of  the  eastern  and 
western  sides  of  the  Taconic  range — a  point  of  difference  dwelt 
ipon  by  Emmons — has  no  stratigraphical  importance.  The 
ocks  are  one  in  mass  beyond  possible,  question.  We  thus 
ake  one  member  out  of  the  Taconic  system  by  showing  its 
lontinuity  with  one  of  the  others.  We  find,  in  other  words, 
.hat  the  great  limestone  of  the  Taconic  series  is  stratigruphically 
>ne  single  formation.  This  statement  does  not  imply  that  the 
imestone  is  all  of  one  period ;  but  that  it  is  one  in  mass  and 
reneral  conformability. 

This  conclusion  is  lortified  by  the  proof  already  presented  of 
i  synclinal  struciure  in  Mt.  Washington,  that  is,  of  the  passing 
of  the  limestone  from  east  to  west  underneath  the  mountain  ; 
and  also  by  that  of  another  synclinal,  as  long  since  pointed  out 
by  Emmons,  and  also  afterward  by  Hitchcock,  in  the  Grey- 
lock  mass,  by  which  the  Williamstown  and  Adams  limestones 
— the  Eolian  and  Stoekbridge — join  one  another.  Additional 
evidence  on  the  latter  and  related  points  will  be  found  beyond. 

4.  Irregularities  in  the  courses  of  the  bflts  of  the  Taconic  series 
that  appear  to  be,  in  part  at  least,  due  to  earlier  topographical  con- 
ditions,— Two  abrupt  easi-and-west  shifts  in  the  course  of  the 
Taconic  belt  are  indicated  on  the  map. 

a.  The  most  extensive 'of  these  abrupt  changes  of  line  is  in 
the  northern  part  of  Berkshire.  Here  the  eastern  or  Stock- 
bridge  limestone,  as  above  stated,  stops  off  abruptly  in  the  town 
of  Clarksburgh,  and  begins  again  to  the  westward  in  Williams- 
town.  This  change  in  geographical  position  atnounts  to  four 
or  four  and  a  half  miles,  measuring  from  the  eastern  limits  of 
the  two  limestone  areas. 

The  quartzyte  is  shifted  to  the  same  extent.  To  the  south, 
through  Cheshire,  East  Lenox  and  beyond,  the  line  of 
quartzyte  outcrops  is  in  general  four  to  five  miles  east  of  the 
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line  of  the  quartzyte  range  of  Bald  Mountain  on  the  boundary 
between  (Clarksburg  and  Williamstown ;  and  its  continuation 
northward.  The  shift  is  also  exhibited  in  the  ArchsBan  rocka 
For  directly  north  of  the  Stock  bridge  limestone  of  Clarksburg 
there  is  an  undoubted  Archaean  area — that  of  the  "  Stamford 
granite" — of  the  Vermont  aarvey,*  and  this  Archaean  area 
stands  against  the  eastern  side  of  the  quartzyte  range  of  Bald 
Mountain.  So  again  to  the  south,  in  Berkshire,  the  quarizyte 
has  in  several  places  similar  hornblendic  Archaean  rocks  not  far 
east  of  the  outcrop  of  quartzyte.  Thus  the  shift  is  marked  in 
the  three  great  formations  of  the  country. 

b.  Another  westward  shift,  or  apparent  shift,  occurs  in  South- 
ern Vermont,  in  the  latitude  of  Bennington,  and  is  about  a  mile 
in  extent.  The  limestone  limit  on  the  east  of  the  village  of 
Bennington  with  the  quartzyte  range  west  of  it  shows,  on  the 
map,  the  abrupt  shift  very  strikingly  ;  and  it  is  seen  also  in  the 
limestone  limit  wesloi  the  village. 

Such  apparent  shifts  may  correspond  to  actual  westward  or 
eastward  displacements  produced  since  the  time  when  the 
deposits  were  formed  ;  or  they  may  indicate  the  course  of  the 
shorelines  of  the  ancient  sea  in  which  the  deposits  accumu- 
lated. Which  is  the  right  explanation  is  an  important  ques- 
tion. 

c.  In  central  Berkshire,  within  the  limestone  limits,  south  of 
the  line  of  Lee  and  Siockbridge,  a  region  of  high  hills  and 
ridges  comprising  Bear  Mountain,  covers  the  northern  part  of 
the  town  of  Monterey  and  small  parts  of  adjoining  towns.  It  has 
an  eastandwest  course,  cuts  short  the  limestone  area,  gives  an 
east-and-west  course  to  the  Housatonic  River  (and  to  roads 
and  railways),  and  to  the  limestone  area  of  southern  Monterey, 
(see  map),  and  thus  disturbs  or  goes  athwart  the  feature-lines 
and  Taconic  trends  of  the  valley.  But  the  eastern  limit  of 
the  limestone  has  no  abrupt  shift  in  its  course.  The  summit 
of  this  Bear  Mountain  region  is  probably  Archaean.  The  dis- 
turbance in  the  direction  of  the  feature  lines,  which  is  appar- 
ently due  to  this  area,  extends  also  to  ridges  west  and  south- 
west, as  that  of  Monument  Mountain,  and  those  between 
Monterey  and  Great  Barrington,  which  have  a  northwest  trend 
instead  of  the  unual  north-by-east. 

The  question  as  to  the  origin  of  these  changes  in  the  courses 
of  the  rocks,  or  those  of  their  outcrops,  requiren,  for  a  safe 
reply,  a  consideration  of  the  facts  over  a  wider  range  of  the 
formation  ;  and  I  recall  here  some  of  the  features  in  Salisbury, 
Ct.,  and  farther  soutK 

d.  In    Canaan    and   Salisbury   the   eastern   or   Stockbridge 

♦  See  description  of  Section  I,  vol.  ii,  p.  601,  by  C.  H.  Hitchcock.    The  granite 
is  hornblendic,  and  I  found  it  to  contain  zircons. 
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limestone  belt,  which  has  there  a  width  of  8^  miles,  comes,  on 
the  south,  bluntly  against  the  high  range  of  hills  of.  Sharon, 
Cornwall  and  Kent,  and  sends  off  a  southward  branch  either 
side;  this  obstruction  is  the  occasion  of  the  subdivision  of  the 
limestone  into  two  branches,  mentioned  on  page  271,  one  in 
eastern  New  York  to  Towner's,  the  other  in  Connecticut  to 
New  Fairfield.  Now,  this  range  of  hills  has  much  quartzyte 
in  some  parts  over  the  northern  end,  and  also,  beyond  the 
Juartzyte,  gneisses  and  other  rocks,  part  of  which  at  least 
as  chondroditic  limestones,  and  other  characteristics  show)  are 
Irchsean.  Archaean  hills  which  antedate  in  uplift  and  erosion 
he  limestone  seem  to  have  determined  in  this  case  the  shore 
ines  of  the  early  Paleozoic  seas,  and  the  area  of  limestone- 
naking  in  the  waters.  At  the  southern  end  of  \k\\9  Archaean 
ange  (Percivars  Kl)  the  two  branches  of  limestone,  as  Perci- 
^al  first  pointed  out,  make  a  junction  across  from  Dover  to 
Joath  Kent,  which  is  about  half  the  way  lo  Towner's  and  New 
^airfield ;  thus  binding  in  one  mass  the  chief  range  of  Canaan- 
Jalisbury  limestone  that  goes  to  Towner's  with  the  more  east- 
jrn  part  that  goes  to  New  Fairfield,  although  the  latter  has  its 
course  among  mica  schists  and  gneisses. 

6.  Another  region  of  abrupt  change  in  the  Taconic  outlines 
s  that  of  Pittsfield,  at  the  summit  level  of  the  great  valley  of 
Berkshire.  The  height  of  the  wide  plain  is  about  1,000  feet 
above  tide  level.  It  is  the  place  of  union  of  the  headwaters  of 
the  Housatonic  River.  The  longest  of  the  tributaries,  which 
carries  the  name  of  the  river,  comes  in  from  the  eastward  along 
the  valley  which  is  made  use  of  by  the  Boston  &  Albany  rail- 
road. For  this  and  other  unexplained  reasons,  the  Pittsfield 
plain  spreads  eastward  of  the  usual  limestone-limit  (as  the  map 
shows)  by  more  than  a  mile ;  and  it  is  equally  remarkable  that 
while,  both  to  the  north  and  south  of  Pittsfield  throughout 
Berkshire,  the  limestone  area  is  intersected  from  north  to  south 
by  two  or  more  ridges  of  schists,  the  Pittsfield  region,  for  a 
breadth  from  north  to  south  of  four  miles,  is  all  limestone,  from 
the  Taconic  range  on  the  west  to  the  eastern  limit  in  Dalton. 
Further,  this  eastward  extension  of  the  Pittsfield  part  of  the 
limestone  area  is  accompanied  by  a  long  eastward  extension 
also  of  the  quartzyte  formation  adjoining  it;  this  formation 
occurring  to  the  southward  of  the  extension  over  a  large  part  of 
northern  Washington,  to  and  beyond  Ashley  Lake,  ana  from 
here  returning  westward  to  Dewey's  Station  ;  and  less  widely 
o  the  northeast  of  the  Pittsfield  plain.  Moreover,  within  two 
)r  three  miles  east  of  the  quartzyte  formation  occur  zircon- 
:>earing  hornblendic  rocks,  and  in  one  region  (in  Hinsdale) 
chondroditic  limestone,  giving  definiteness  to  the  indications  of 
Archaoan  age. 
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We  thus  have  evidence  of  an  old  Archaean  valley  opening 
from  a  higher  region  to  the  eastward  into  what  is  now  the  Pitts- 
field  part  of  the  Housatonic  Valley.  Besides  the  chondroditic 
limestone,  in  the  village  of  Hinsdale,  along  a  wider  part  of  the 
valley,  southwest  of  Hinsdale,  west  of  the  railroad,  I  found  a 
large  mass  of  the  same  limestone,  which  I  think  is  in  place;  so 
that  it  is  probable  that  limestone  of  Archaean  age  first  deter- 
mined the  formation  of  that  part  of  the  upper  Housatonic 
valley  leading  into  Pittsfield. 

/.  The  wide  Tyringham  Valley,  which  extends  southeast  from 
South  Lee  for  five  or  six  miles,  and  is  the  course  of  a  broad  arm 
of  the  Stockbridge  limestone,  is  another  case  in  which  the  lime- 
stone spreads  eastward  beyond  its  usual  limit,  although  not  by 
an  abrupt  shift.  The  valley  is  not  narrow,  like  those  shaped 
by  modern  erosion,  although  owing  much  to  this  cause  for  its 
present  condition.  Moreover,  it  has  the  quartzyte  formation 
on  much  of  its  eastern  side,  and,  beyond  this,  Archaean  gneisses 
and  hornblende  and  augitic  rocks,  with  some  localities  of  chon- 
droditic limestone.  The  South  Lee  valley,  coming  down  from 
Becket  to  the  eastward,  has  similar  features  for  a  mile  and  a 
half.  On  the  high  hill  in  South  Lee  between  the  entrances  to 
the  two  valleys,  the  Tyringham  and  South  Lee,  there  is  a  large 
area  of  hornblendic  rocks  of  Archaean  age,  where  the  associated 
limestone  afforded  me  chondrodite  in  masses  as  large  as  the 
fist,  recalling  similar  localities  in  Sussex  County,  N.  J.,  and 
Orange  County,  N.  Y.;  and  the  same  rocks  occur  on  the 
opposite  side  of  the  South  Lee  Valley  to  the  northeastward. 
Archaean  limt^stone  occurs  also  in  the  bottom  of  the  South  Lee 
valley  itself,  about  a  mile  from  the  village. 

These  facts  are  here  introduced  as  other  illustrations  of  the 
influence  on  the  outlines  of  the  Stockbridge  limestone  areas 
exerted  by  preexisting  Archaean  channels  or  bays.  They  fur- 
ther prove  that  the  great  quartzyte  formation,  which  makes 
the  foundation  of  the  Paleozoic  of  the  region,  derived  its  mate- 
rial from  Archaean  formations  of  the  vicinity  not  from  the 
fabled  Atlantis,  which  some  geologists  have  looked  to  for  aid 
in  the  making  of  American  stratified  rocks. 

[To  be  continued.] 


Art.  yiXXL— Irish  Esker  Drift;  by  G.  H.  Kinahan,  M.R.LA. 

Unfortunately,  as  I  have  already  pointed  out  in  this 
Journal,  American  observers,  like  the  early  recorders  of  the 
Scotch  and  the  Scandinavian  later  drifts,  have  ** got  mixed;" 
they  confounding  together  true  "Esker  drift"   and  ridges  of 
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''Esker-like  drift."  This  appears  to  be  the  case  in  reference  to 
Prof.  Carvill  Lewis's  statement  in  the  December  number  of  this 
Journal,  where  he  says  that  the  *'  Irish  Eskers "  appear  to  be 
adjuncts  of  the  melting  of  the  ice  sheeta  A  protracted  and 
careful  examination  into  the  subject  seems  however  to  demon- 
strate that  this  could  not  be  the  case. 

On  the  examination  of  the  adjuncts  of  the  present  "  live  ice  " 
or  a  snow  field,  it  will  be  found  that  the  drifts  due  to  the  ice  or 
the  melting  of  the  snow  fields,  have  more  or  less  an  argillaceous 
character,  they  rarely  except  in  spots,  being  clean  sands  or 
gravel.  Of  course  rivers,  having  their  origin  in  glaciers  or  an 
ice  field,  after  some  time  may  wash  these  gravels  comparatively 
clean,  but  this  occurs  nearly  invariably  at  some  distance  from 
the  edge  of  what  may  be  defined  as  the  margin  of  the  present 
moraine  or  glacial  drift.  Becent  washing,  that  is  the  wash- 
ing due  to  river  action  since  the  "  great  glacial  period,'*  cannot 
be  taken  into  account 

In  connection  with  the  marine  gravels  of  the  present  day,  we 
ind  that  in  the  open  sea-currents,  all  the  detritus  is  well  washed 
nd  sifted.  Whera  the  sea-currents  are  strong  there  is  coarse 
and  or  fine  gravels ;  this  is  generally  outside  the  banks  ;  and 
n  other  places  there  is  finer,  but  still  well  washed  sand  ;  while 
arely  in  eddies  or  '*  heads  of  currents,"  silt  accumulates  in 
mall  quantities.  In  bays  or  estuaries,  the  sand  and  gravel 
.ccumulations  are  not  as  well  washed  and  cleaned  ;  while  still 
ligher  up  in  such  situations,  that  is  near  the  head  of  the  bay, 
he  accumulations  due  to  marine  action  graduate  in  character 
nto  those  of  this  drift  from  the  destruction  of  which,  they 
lave  been  supplied.  The  true  Irish  eskers  —  that  is  the 
makers  of  the  plain  and  its  associated  valleys — have  no  charac- 
,ers  in  common  with  those  of  the  ridges  of  drift  due  to  the 
melting  of  ice  or  snow  fields ;  and  the  latter  are  the  ridges  now 
erroneously  classed  with  the  Irish  eskers.  On  the  other  hand, 
all  the  characters  of  the  true  drift  are  similar  to  those  of  the 
washed  marine  drifts;  they  in  some  places  being  well  washed 
fine  gravel,  in  others,  sand ;  in  eddies  on  **  heads  of  current" 
silt ;  and  in  such  places  as  must  have  been  bays  and  estuaries 
they  graduate  into  half  washed  accumulations. 

Besides,  what  seems  to  have  altogether  escaped  Prof.  Lewis's 
attention  is  the  margin  of  what  I  have  called  the  "Esker  sea." 
.This  everywhere  throughout  Ireland  can  be  traced,  as  below  it 
the  Esker  drift  occurs  and  never  above  it.  This  margin  varies 
in  altitude,  but  in  general  not  more  so  than  the  present  spring 
tide  line  round  the  coasts,  as  I  have  already  pointed  out  in 
papers  read  before  the  different  Irish  and  English  scientific 
societies.  The  tide  line  at  the  present  time  is  higher  on  the 
east  coast  of  Ireland  than  on  the  west ;  and  at  the  heads  of  the 
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di£ferent  long  bays  than  at  their  mouths;  so  with  the  margin  of 
the  Esker  sea,  it  rises  as  it  is  followed  up  the  valleys.    lu  some 
exceptional    eases,  as    in  the  County  Wicklow,  the  marginal 
beach  of  the  Esker  sea  i.s  at  an  excessive  height.     But  these 
excessive  heights  are  south  of  a  regular  line,  they  gradually  ris- 
ing from  the  west,  eastward ;  while  south  of  that  line  they  do 
not  rise.     Therefore   it  seems   evident  that  the  line  is  a  fault 
north  of  which  the  land  to  the  eastward  rose  considerably  more 
than  to  the  westward,  subsequent  to  the  accumulating  of  the 
Esker  drift.     The  details  of  this  phenomenon  are  fully  given  in 
the  Geology  of  Ireland  and  need  not  be  here  repeated. 

The  regular  relative  heights  at  which  the  true  Esker  drift 
terminates  seem  to  me  to  be  positive  proof  that  it  mast  be  an 
adjunct  of  a  widespread  action  like  that  of  a  sea  which  had  com- 
parative level  margins,  and  not  to  an  erratic  water  supply  like 
that  due  to  the  melting  of  an  ice  sheet  or  snow  field,  either  of 
which  is  necessarily  "  martyr  tocircumstances,''  sometimes  low, 
at  others  high.  I  would  suggest  that  before  positive  statements 
are  made  in  connection  with  the  true  Irish  eskers — that  4t 
should  first  be  learned  what  is  a  true  eaker.  . 


Art.    XXXII. — Physical   Characteristics   of  the  Northern  and 
Northwestern  Lakes;  by  L.  Y.  ScHERMEBHORX,  C.E. 

In  the  following  memoranda  an  attempt  has  been  made  to 
assemble  a  part  of  the  latest  and  most  reliable  information  re- 
lating to  the  Great  Lakes.  The  lately  completed  lake  surveys, 
made  by  the  United  States,  have  reduced  to  exactness  much 
that  previously  was  only  approximate  and  the  perfection 
of  methods  used  give  a  perfection  to  the  results  which  seldoncx 
obtains  in  surveys  covering  so  great  geographical  extent  an<~ 
involving  so  many  details. 

The  water  surface  of  the  Great  Lakes  with  the  land  drainii 
into  it  presents  a  total  drainage  basin  of  over  270,000  8qua~, 
miles,  assembled  as  follows: 


Area  of  wmter 

»nrface, 
f^oAre  miles. 


Lake  Superior .* 31.200 

St.  Marv's  River 150 

Lake  Michigan 22.450 

Lake  Huron  and  Georpan  hav.  23,l<00 

Si.  Clair  River '. .  25 

LakeSt.  Clair 410 

Detroit  River 25 

Lake  Krie 9.960 

Niapara  River 15 

Lake  Ontario 7,2-40 


Area  of  water 

•bed. 
•qaare  milet. 


51,600 
SOO 

37,700 

31,700 
3,800 
3.400 
1.200 

22,700 
300 

21,600 


95.275         i       174,800 


Agmmie 

of  MMill, 

•Qoare 


82.800 
950 

60.150 

56,500 
3,825 
3,810 
1,226 

32,660 
316 

28,840 


270,076 
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e  water  xarrace  of  Lake  Superior  nearly  eqaals  ths  com- 
I  areas  of  New  Hampabire,  Vermont,  Maseachusette  and 
ecticnt,  Lakes  Michigan  and  Huron  together  nearly  ec[ual 
rea  of  the  State  of  New  York,  Lake  Erie  the  combined  . 


of  New  Jersey  and  Delaware,  and  Lake  Ontario  about 
•fourths  of  the  area  of  Maryland.  The  combined  area  of 
ikes  exceeds  the  area  of  England,  Wales  and  Scotland. 
e  drainage  basin  of  the  Great  Lakes  shown  on  fig.  1,  is  a 
ition  of  a  very  careful  compilation  of  the  best  authorities 
hows  at  a  glance  the  details  stated  in  the  previous  table. 
>ws  also  that  while  ihe  line  of  deepest  water  does  not  coin- 
with  the  middle  line  of  the  lakes,  it  does  approximately 
ide  with  the  medial  line  of  lake  basin.  It  wilj  be  further 
ved  that,  with  the  exception  of  Lake  Erie,  the  points  ot 
est  depth  quite  nearly  coincide  with  the  cenier  of  figure  of 
basin.  This  is  believed  to  be  a  fact  never  before  noticed, 
me  that  may  cast  some  light  upon  the  geologicaf  evolution 
s  Qreat  Lakes. 

e  length  of  shore  line  of  the  lakes  and  their  connecting 
)  is  about  5400  miles,  or  about  equal  to  the  coast  line  from 
Jomi.  Soi.— Tbibd  Series,  Vol.  ZXXIII.  No  196.— Apbil,  1687. 
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UaJDe  to  the  isthmus  of  Panama,  if  the  distance  be  measured 
J  along  the  general  contour 

of  the  coast,  ignoring  minor 
indentattOQS. 

The  recently  perfected 
levela  of  the  U.  S.  Lake 
Surveys,  between  tide  water 
and  the  lakes,  fixes  the  ele- 
vation of  their  mean  sur- 
faces above  mean  sea  level 
as  follows: 


Ontario 246^^ 

Brie 672A 

Huron  and  Micbigan 681-^ 

Superior 601-^ 

(Bceflc-t.) 

The  difference  of  20^  feet 
between  Lal;es  Su  perior  and 
Huron  occtifs  in  the  rapids 
of  St.  Mary's  Stiver ;  thq 
8tV  ^sst  between  Lak«8 
Huron  ami  Erie  mainly  in 
Detroit  River. 

Tlu-aillorenceof  326  feet 
between  Lakes  Erie  and 
Ontario  occura  io  the  vicin- 
ity of  Niagara  Falls  and  is 
principally  assembled  as  fol- 
lows (see  6g.  3):  100  feet  in 
the  five  miles  of  rapids  be- 
tween Lewiston  and  the 
lower  Suspension  Bridge, 
10  feet  in  the  rapids  be- 
tween the  Bridge  and  the 
Falls,  IfiO  feet  at  the  Falls,* 
50  feet  in  the  rapids  imme- 
diately above  the  Falls,  and 
6  feet  in  tlie  upper  Niagara 
River, 

The  mean  depth  of  Lake 
Superior  is  about  475  feet; 
ilic-  tk-epesl  point  (see  fig.  2) 
marks  a  depth  of  1008  feet, 
or  over  406  feet  below  the 
level    of    the    sea.      Lake 

the  Cansdian  side,  161  feet  Dear  the 
)  east  side  of  the  Amerion  Palll. 
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Horon  has  a  mean  depth  of  about  250  and  a  maximum  depth  of 
702  feet.    Lake  Michigan  has  a  mean  depth  of  825  feet  and  a 
maximum    depth   of  870    feet.     Lake  Erie  is  comparatively 
shallow,  having  an   average  depth  of  less  than  70  feet  and  a 
maximum  of  210  feet.     Lake  Ontario  has  a  mean  depth  of 
about  300  feet  and  a  maximum  of  738,  or  nearly  500  feet  be- 
Jow  the  level  of  the  sea.    The  channels  of  the  rivers  connecting 
the  lakes  seldom  exceed  the  depth  of  50  feet.     If  the  lakes 
could  be  drained  to  the  level  of  the  sea,  Lake  Erie  would  dis- 
appear, Lake  Huron  reduced  to  quite  insignificant  dimensions, 
LiSake  Michigan  to  a  length  of  about  100  miles  with  a  width 
of  25  or  30  miles,  Lake  Ontario  and  Superior,  although  with 
diminished  areas,  would  still  preserve  the  dignity  of  their  pres- 
ents titles  as  Oreat  Lakes, 
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Ji,  chemical  analysis  of  water  taken  from  the  deepest  part  of 

tke  Superior  failed  under  the  application  of  delicate  tests  to 
^^cJicate  the  presence  of  salt. 

The  beds  of  the  lakes  away  from  the  vicinity  of  the  shore- 
^*Xi€8,  and  at  depths  exceeding  100  feet,  are  almost  invariably 
^^vered  with  clay.  Specimens  from  the  deep  soundings  of  Lake 
^^perior  were  invariably  soft  clay  varying  in  color  from  red, 
^^llow  to  blue.  In  the  deepest  parts  the  drabs  and  bluish 
^^^ts  predominate. 

The  temperature  at  the  deepest  points  varies  little  from 
^^  mean  annual  temperature  of  the  surrounding  air.  The  tem- 
J^Wture  of  Lake  Superior  at  depths  exceeding  200  feet 
^^ries  but  slightly  from  39**  F.  In  Lake  Huron,  at  depths  of 
^HDut  300  feet  the  temperature  in  tlie  months  of  June  and 
^^gust  was  52°  F.,  while  at  a  depth  of  624  feet  the  temperature 
^^^42®  F.,  the  surface  temperature  being  52°  F.  and  the  air 

^  The  mean  annual  rain  and  melted  snow-fall  of  the  several 
i^^e  basins  is  as  follows:  Lake  Superior,  29  inches,  Lake 
"^^ron,  30  inches,  Lake  Michigan,  32  inches,  Lakes  Erie  and 


u  u 

u 


afia    ^!tiiti»  uui  itm  m    JSartkeru  and  Narthweat&m  Lalce% 

Ontario*  M  ineheiL    This  itf  aboat  equal  to  31  inches  on  the 

<»Qre  lake  b«a« 

"n»  &Ilowintt  reprwent  the  average  discharges  at  the  oatletB 
Of  the  Iake»: 

Like  Siqwior.  afc  St  Marj's  Rirer 86,000  cu.  ft.  per.  sea. 

Like^  Mxcbtg^o  snd  Haroo^t  St  Clair  river,  225,000      <' 

Lfektf  firn*«  ait  yiapcara 265,000      " 

Ljk»  Oiitarti>«  ;&(  Sc  Lawrence  river 300,000      ^^ 

rhe  .iitgnjacioj  Jiacharge  of  the  lakes  is  double  that  of  the 
Omw  «iiu  leariv  eqaab  half  the  discharge  of  the  Mississippi 
r*hi  ;tf«9a  't  thf  take  basin  is  a  third  larger  than  the  basin  of 
;iM  ObiO«  v?r  ;iboat  a  fifth  the  combined  areas  of  the  basins  of 
tim  Vlst»asipi.»i  aod  its  affluents.  The  outflow  of  the  lake  basin 
:^  $iucotIv  I«»  than  half  the  rain  fall,  while  on  the  Mississippi 
;iiid  Onto  5h«  diaeharge  is  about  a  fourth  the  rainfall.  If  the 
avtmiic^  iiueharge  of  the  lakes  passed  through  a  river  one  mile 
wnfc)  wtta  a  meaa  veloeitT  of  one  mile  per  hour,  such  a  river 
w\>aivi  bav^  a  viecth  of  40  feet  from  shore  to  shore. 

Tthf  wHome  of  water  in  the  lakes  is  about  6000  cubic  miles, 
vH  which  Lake  Superior  contains  a  little  less  than  one-half. 
P^?rha|.«  a  b^Kter  idea  of  this  volume  may  be  obtained  whon  it 
iij:  $aiv]t  rfiat  it  wv>ald  sustain  Niagara  Palls  in  its  present  con- 
viitivHi  for  about  liX>  yftmu. 

\\  reiacioa  to  the  depth  of  water  on  the  crest  of  Niagara 
^uilsi  .c  v.ni-t  be  easilv  demonstrated  that  if  the  water  passed 
v/vcr  :a^  l^V's  in  a  sheet  of  uniform  thickness  for  the  entire 
^Ht^trt  of  th<>  pceeeat  water  way,  which  is  about  3600  linear  feet, 
iiiv?  aov>th  of  tW  shtwt  would  not  exceed  4  feet  It  is  highly 
•,sv<\ib*^  5bat  at  the  apex  of  the  Horseshoe  Falls  the  depth  is 
tK-.u-'^  :K^  twt.  v>>n5ec|uently  it  may  be  inferred  that  the  depth 
o»    «w  ^<?^c  exc^>t  in  a  few  places  is  less  than  4  feet. 

Iho  [.^rtuci^Hii  oliauges  in  the  elevation  of  the  lake  surfaces 
;^jv  5iKv»«.*  vlu^  to  t{»e  wind  and  to  rainfall.  Prof.  Whittlesey 
3iiu'A>*  i?^vit  v*»  Aug.  IS>  1846,  a  gale  from  the  N.E.  reduced  the 
^.*;*%^i  Vvcl  ;*:  Bur!Vik\  N.  Y.,  to  a  point  15J  feet  lower  than  the 
siaritHVv^  it»c  Uiteon  Oct.  18,  1849,  at  which  time  a  terrible 
i^HO  swur-wt  trvnu  the  &W.  This  was  an  excessive  difference 
v4  vwi  ^^*^^^  ^^**^  ^^'^  "^"^  occurence 

l^uv^it^  j>rv^traotevl  autumn  gales  waves  have  been  observe^! 
>ha»ch  taivugh  rt^Uable  means,  measured  from  15  to  18  fe&* 
^^y.x^  k!w  Morntal  surface, 

Ci>>^  *vVvHul  olasa  of  variations,  those  due  to  rainfall,  occia^ 
>n>i,^    v»\'^ic«iWraWo  rt^ularity.     The  lowest  water  in  the  yefiU" 


4k    'Ct^  hi^htMtt  water  oocurs  on  the  first  named  ^laktf  10    i 
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June  and  July,  while  on  Superior  it  ia  delayed  until  September. 
The  average  difference,  derived  from  20  years  observation,  be- 
tween the  high  and  low  water  of  the  year  is  as  follows : 

Lake  Superior,  1-2  feet,  Michigan  and  Huron,  1-3,  Erie,  1*6, 
and  Ontario,  1*9  feet. 

4 


The  highest  observed  stage  of  the  lakes  occurred  in  the  sum- 
iJJer  of  1888,  and  the  lowest  in  the  summer  of  1847 :  the  dif- 
ference between  the  two  stages  being  about  4^  feet 
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The  water  level  of  the  lakes  for  the  last  20  years  is  shown  in 
fig.  4  and  fails  to  show,  as  has  been  claimed,  any  recarring 
cycle  of  high  or  low  water. 

The  carves  of  the  last  10  years  show  a  tendency  to  irregulari- 
ties which  may  be  due  to  changes  in  rainfall  and   water-shed 
produced  by  the  rapid  destruction  of  the  foreste  which  10  years 
ago  covered  the  basin  of  the  upper  lakea 

Observations  made  by  the  U.  S.  Survey  have  established  tho 
existence  of  small  tides,  which  at  Chicago  had  an  amplitude  o^ 
li  inches  for  the  neap  tide  and  about  3  inches  for  the  spria 
tides. 

There  is  still  another  class  of  oscillations  called  seiches^  whia 
have  been  already  observed  in  the  Swiss  Lakes  and  for  whi<^^ 
a  solution  in  all  respects  satisfactory  has  not  been  oflferec3- 
Whenever  the  lakes  are  sufficiently  free  from  the  disturbia  ^ 
action  of  wind  to  permit  observations,  a  quite  regular  series  c^i 
small  waves,  or  pulsations  can  be  detected,  which  have  an  irr^- 
erval  of  about  10  minutes  from  impulse  to  impulse.  These  pa^  ^• 
sations  seem  to  occur  almost  without  cessation  on  Lake  Superio*^  ^v- 
Besides  having  tides  in  common  with  the  ocean,  the  lakes  haisr^e 
well-defined  land  and  lake  breezes;  the  breeze  from  the lak^ss 
landward  commencing  in  summer  at  8  or  10  o'clock  A.  M.,  ar».d 
continuing  until  sunset  and  the  breeze  from  the  land  lakewaxrd 
from  9  or  10  p.  m.  until  sunrise. 

The  modifying  ett'ect  of  these  large  bodies  of  water  upon  larKl 
aroas  contiguous  to  the  lakes  is  noticeable.     At  Milwauk 
Wis.,  which  is  directly  upon  the  shore  of  Lake  Michigan,  t 
mean   annual  temperature  is  as  follows:   winter,  24®  F.,  spri 
41°  K.,  summer.  67°  R,  autumn,  49°  F.,  annual  range,  110^ 
At  points  in  the  same  latitude  but  from  50  to  100  miles  inlan 
the  mean   winter  and  autumn  temperatures  are  about  2° 
lower,  and  mean  spring  and  summer  temperatures  nearly  5° 
higher,  while  the  annual  range  is  about  5    F.  greater. 


AUT.   XXX I II.  —  Min^ralojical  Xotes  from  the    Laboratory       ^J 
Ihimilion  CoiU^jt;  by  Albert  H.  Chester. 

1.    FUCHSITE. 

Tins  intorosting  variety  of  mica  occurs  in  considerable  aba  r»^' 
nncp  on  A  in!  Island,  a  small  island  in  the  northern  part  of  I#»*^^ 
Huron  near  tho  mouih  of  the  Spanish  River  and  consequeo t^' J^ 
in  tho  distri(»t  i>f  Algoma,  Canada.     The  matrix  is  a  coars^fJ 
oryatallino  dolvMuiio,  and   in  this  the  fuchsite  occurs  in  sm«^^ 
layers  and  masses,  sometimes  associated  with  white  quartz  a-*^" 
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!rally  accompanied  by  small  flakes  of  silvery  mica,  from 
^b  it  is  somewbat  difficult  to  separate  it  for  analysis. 
Einalysis*  of  a  pure  sample  resulted  as  follows : 

CaimB.  Schafh&utl. 

SiO, 46-49  47-95 

A1,0, •. 31-08  34-46 

Cr,0, 309  3-96 

Fe,0, trace  1-80 

CaO 0-61  0-59 

MgO 3-36  0-71 

K,0 9-76  10-76 

Na,0 0-90  0-37 

F 0-36 

H,0 6-86 

Total 100-04  100-92 

n  analysis  of  tbe  Tyrol  mineral  is  quoted  for  comparison, 
tber  determination  of  the  cbromium  gave  2*88  per  cent  of 
\.  The  occurrence  of  chrome  mica  allied  to  fuchsite,  at 
>us  places  in  Canada,  has  been  mentioned  by  Dawson,t  but 
nk  no  analysis  has  heretofore  been  published, 
le  dolomite  in  which  this  mineral  occurs  is  interesting,  not 
on  that  account,  but  because  of  its  peculiar  appearance, 
Dior,  cleavage  and  crystalline  characteristics,  causing  it  to 
jadily  mistaken  for  calcite. 
le  analysis j:  is  as  follows : 

CaCO, 52-83  per  cent. 

MgCO, 40-39       " 

FeCO, 6-77       " 

SiO 0-20       " 

A1,0. 0-60       '' 

CaSO _ .     0-34       " 


H.O 0-14 


(( 


» 


Total 100-27 

lis  shows  it  to  be  a  true  dolomite  in  which  part  of  the 
)nate  of  magnesium  is  replaced  by  carbonate  of  iron.  It 
e  common  rock  of  the  vicinity,  but  the  fuchsite  is  found 
only  at  one  place,  on  the  eastern  end  of  the  island,  the 
containing  the  mineral  measuring  not  more  than  thirty 
fty  feet. 

♦  By  Mr.  F.  I.  Cairns. 

J  Geology  of  Canada  for  1863,  p.  494. 
By  Mr.  William  N.  DeRegt. 
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2.  Pink  Gcleshtc 

The  oocurreooe  of  celestite,  io  oonnectioD  with  strontianite, 
in  the  rocks  of  the  Clinton  groap,  has  received  casaal  notice  bj 
Professor  O.  Root,*  and  it  has  ako  been  noticed  since  in  vari* 
oos  lists  of  mineral  localities.    It  occurs  in  nodales  and  geodes, 
not  only  in  the  limestone  and  sandstone  beds,  bat  also  in  the 
oolitic  iron  ore  beds  of  this  vicinity.     The  best  examples  are 
to  be  found  at  the  stone  qaarries  near  Lairdsville,  about  two 
miles  west  of  Hamilton  College,  where  it  occurs  abundantly  it^ 
masses  made  up  of  prismatic  crystals,  sometimes  so  slender  ^ 
to  give  a  fibrous  appearance  to  the  specimens.     In  rare  ip' 
stances  the 'crystals  are  bladed,  and  radiate  from  a  center  ^^ 
fitn-like  shapes.     These  specimens  are  often  coated  with  strc^^ 
tianite,  which  is  generally  of  a  mealy  character,  though  som- 
times  in   small   crystals.     The    peculiarity   of  this  celesti 
which  makes  it  most  interesting  is  its  color,  which  is  usually 
delicate  pink  or  flesh  color,  though  sometimes  it  has  the  ordi     ^' 
ary  dull  bluish  tint     Occasionally  both  colors  are  seen  on  t^^^ 
same  specimen,   but  more  often  it  is  distinctly   one  or  trf   "® 
other. 

An  analysisf  of  this  celestite  gave  the  following  results: 

SrO - 46*71  per  cent 

BaO 7-28       ** 

CaO 2-01       " 

SO. 43-20       ** 

SiO, 0-28       " 


a 


ToUl 100-38 

This  corresponds  to  the  fallowing  proportions  of  the  th 
sulphates : 

SrSO, '84-09 

BaSO^ 11-05 

CaSO, 4-86 

The   mineral    has   frequently   been   called    baryto-celesti  t^> 
though  as  far  as  I  can  find  there  is  no  published  analysis  of    i,^ 
From  the  above  calculation  the  ratio  of  S^O. :  BaSO/-  CaSO^  *^ 
about  10  : 1 :  1,  but  the  mineral  is  undoubtedly  a  mere  mixture 
of  the  three  nearly  isomorphous  sulphates.     A  similar  mixture^ 
but  without  the"CaSOJs  described  by  Collie^  from  Clifton, 
near  Bristol,   England,   who  gives  a  number  of  analyses   ^* 
celestite  containing  barium  sulphate  in  varying  proportions  anu 

♦  This  Journal.  U.  vol  xiii.  p.  264.  f  Bv  Mr.  F.  I.  Cairns. 

X  Min.  Mag.,  ii,  p.  220. 
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.rrives  at  the  same  conclusion.  The  crystals  I  have  been  able 
0  find  on  these  specimens  are  few,  small  and  imperfect,  but 
he  faces  0,  1-t  and  ^-l  have  been  recognized  showing  angles 
pproximately  near  the  correct  onea 

3.   ZiNKENITE. 

A  sample  of  bindheimite  from  the  Stewart  Mine,  Sevier 
k>untj.  Ark.,  has  at  its  center  a  compact  massive  mineral  of 
ark  gray  color,  consisting  of  lead,  antimony  and  sulphur  only. 
L  partial  an^ysis  of  the  pure  homogeneous  mineral  shows 
4*77  per  cent  of  lead,  and  indicates  that  it  is  zinkenite.  The 
ocurrence  of  this  rare  mineral  among  the  Arkansas  antimony 
res* is  suggested  by  Professor  Charles  E.  Wait;*  and  Mr.  W. 
'.  Hildebrandf  describes  zinkenite  from  Colorado  very  similar 
:>  that  noticed  above. 

4.  Brochantite. 

A  specimen  of  brochantite  from  Chili  gave  the  following 
.nalysis,  after  deducting  4*45  per  cent  of  insoluble  matter,  and 
alculating  to  one  hundred  per  cent. 

CuO.. 71-73 

SO,.-.. 18-21 

H,0 10-06 

This  corresponds  well  with  the  formula  Cu^S0,+2^H,0, 
hich  requires  CuO  71-84,  SO.  1816  and  H,0  10-00.  The 
uneral  occurs  in  small  tufts  of  delicate  fibrous  crystals,  verdi- 
ris  to  emerald-green  in  color,  associated  with  linarite,  in  a 
aartz  matrix. 

5.  Peotolite. 

A  specimen  of  okenite,  so-called,  from  Disco  Island,  Green- 
ind,  afforded  the  following  analysis : 

SiO, 62-86 

CaO 34-33 

A1,0,  .    0-71 

Na,0 7-60 

K,0 0-47 

H,0 4-70 

Total 100-67 

*  Trans.  Am.  Inst.  Min.  Eng.,  vol.  ▼iii,  p.  61. 
t  U.  a  Geol.  Surv.  BuU.  20,  p.  93. 
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This  is  evidently  pectolite,  as  is  probably  mach  that  is  now 
called  okenite  from  the  same  locality.  The  specimen  examined 
is  made  up  of  a  mass  of  Qne  interlaced  fibers,  pare  white  in 
color,  with  a  sub-pearly  luster,  and  forming  a  layer  about  an 
inch  in  thicknesa 


6.  Hemimorphic  crystals  of  Barite. 

The  crystals  of  barite  from  DeKalb,  St.  Lawrence  Co.,  N.  Y., 
described  by  G.  H.  Williams,*  exhibit  the  following  macro- 
domes  besides  the  one  he  mentions :  1-t  ((2),  \'l  and  the  rare 
one  f-i  {w\  The  crystals  are  generally  so  grouped  together  that 
one  doubly  terminated  cannot  often  be  obtained,  but  a  study 
of  the  few  that  have  been  observed  shows  them  to  be  hemi- 
morphic and  quite  different  from  any  heretofore  described. 
The  crystals  are  all  alike  and  have  the  form  given  below ;  fig.  1 
shows  one  in  the  usual  position,  while  in  fig.  2  the  brachy- 

2. 


/f^ 


diagonal  is  made  vertical.  Measured  with  a  hand  goniometer 
Oak^'I  {cy\w)  is  found  to  be  133°,  corresponding  closely  with 
the  angle  given  by  von  Kokscharow,f  132°  58'  25".  As  men- 
tioned before,  all  the  doubly  terminated  crystals  found  show 
this  dome  on  one  end,  and  it  is  also  quite  often  seen  on  the 
broken  and  grouped  crystals  which  show  but  one  termination, 
though  the  face  ^-2  {d)  is  rather  more  common.  A  few  singly 
terminated  crystals  were  found  with  both  domes.  In  these 
cases  the  curious  alteration  noticed  by  Williams  is  well  shown, 
the  faces  f -I  being  changed  to  the  chalk-like  material  which  he 
describes,  while  the  next  face,  ^-I,  is  colorless  and  transparent, 
or  sometimes  altered  on  the  edges,  leaving  a  triangular  spot  of 
unaltered  material  in  the  center  of  the  face.  It  is  worthy  of 
notice  that  this  form,  so  rarely  seen  heretofore,  should  be  so 
common  in  this  one  locality. 

*  Johns  Hopkins  Univ.  Circ.,  No.  29,  p.  61,  1884. 
t  ^^in-  Russl.,  vii,  p.  54,  1875. 
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Other  hemimorphic  crystals  of  barite  have  been  described  by 
Reass,*  by  Zepharovich,f  and  by  Schrauf.:}:  These  forms  are 
all  given  in  Schraufs  Atlas,  figs.  4,  12  and  15,  under  Baryt, 
The  first  two  are  hemimorphic  in  the  direction  of  the  same 
axis  as  the  crystals  from  DeKalb,  and  the  other  in  the  line  of 
the  vertical  axis.  While  all  three  are  much  more  complicated 
than  the  simple  one  described  here,  none  of  them  shows  the 
face  f -t. 

The  symbols  used  here  correspond  to  the  more  common 
position  of  barite,  where  the  plane  of  the  principal  cleavage  is 
made  the  basal  pinacoid.  The  hemimorphism  is  better  shown, 
^8  in  fig.  2  above,  by  returning  to  the  old  system,  still  used  bv 
some  authorities,  where  this  plane  is  made  the  braohypinacoid, 
requiring  of  course  a  change  of  the  symbols. 

7.    PSEUDOMORPHS  OF  CeRARGYRITE  AFTER  PyRARGYRITE. 

These  interesting  pseudomorphs  were  found  among  some 
ores  and  minerals  from  the  Horn  Silver  Mine  at  Frisco,  Utah, 
and  are  apparently  not  uncommon  there.  The  matrix  is 
sometimes  a  white  amorphous  silica,  easily  crumbled  and  con- 
taining much  water.  It  is  evidently  a  variety  of  opal  and 
closely  related  to  the  geyserite  of  our  Western  hot  springs.  In 
other  cases  the  matrix  is  nearly  pure  barite,  always  distinctly 
crystalline  and  occasionally  seen  in  minute  crystals.  In  color 
it  is  generally  white  or  grayish,  but  occasionally  it  takes  deli- 
cate lilac  tints.  Scattered  somewhat  sparsely  through  these 
two  we  find  crystals  of  a  dark  color  which  grade  all  the  way 
from  pure  pyrargyrite  to  pure  cerargyrite.  They  are  from 
2  mm.  to  4  mm.  in  diameter  and  up  to  10  ram.  in  length. 
Though  rough  externally  they  are  easily  seen  to  be  in  hex- 
agonal prisms  and  occasionally  show  rhombohedral  termina- 
tions. 

Some  of  these  crystals  are  found  on  examination  to  be  pure 
unaltered  pyrargyrite,  consisting  of  sulphantimonide  of  silver 
with  a  little  arsenic.  Many  of  them  are  partially  altered  to 
cerargyrite,  usually  in  an  irregular  manner,  but  occasionally 
are  only  altered  on  the  outside  leaving  a  core  of  pyrargyrite. 
Quite  a  number  of  them  are  completely  changed  and  are 
chloride  of  silver  throughout.  This  is  then  a  case  of  pseudo- 
morphism bv  alteration  and  not  a  simple  filling  with  chloride 
of  silver  of  cavities  left  after  the  removal  of  pyrargyrite 
crystals. 

♦  B«r.  Ak.  Wien,  lix,  p.  C23,  1869.  \  "  Lotos,"  p.  8,  1870. 

%  Ber.  Ak.  Wien,  Ixiv,  p.  199,  1871. 
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8.  SCORODITB. 

This  mineral  is  also  found  among  the  specimens  from  the 
Horn  Silver  Mine,  and  particularly  in  connection  with  the 
amorphous  sulphate  of  lead  so  common  thera  It  does  not 
occur  abundantly,  but  in  very  thin  crystalline  crusts  of  the 
characteristic  pale  green  color,  and  also  in  amorphous  layers 
which  shade  from  yellow  to  dull  brown.  The  mineral  occurs 
in  such  thin  layers,  and  so  mixed  with  foreign  matters,  that  a 

Eure  sample  for  analysis  can  hardly  be  obtained,  but  before  the 
lowpipe  it  reacts  for  arsenic  acid,  iron  and  water,  and  behaves 
in  all  respects  like  scorodite.  So  few  localities  of  this  mineral 
have  been  found  that  this  occurrence  is  thought  worth  a  notice 
here. 

9.  BiSMUTITE. 

Some  samples  of  a  mineral  from  near  Casher's  Valley,  Jack- 
son Co.,  N.  C.,  sent  here  for  identification,  prove  to  be  bismu- 
lite.  It  occurs  in  a  narrow  vein  affording  only  small  masses, 
the  largest  being  about  the  size  of  a  pigeon^s  egg,  associated 
with  dark  red  or  black  garnet,  white  mica  and  quartz,  and 
rarely  black  tourmaline,  the  bismutite  forming  the  matrix  of 
the  other  minerals.  As  usual  it  has  various  colors,  the  purest 
and  most  unaltered  being  light  apple  green,  while  some  parts 
are  dark  gray.  It  shades  from  these  colors  through  yellow  and 
light  gray  to  chalky  white  in  the  amorphous  parts.  It  has  a 
laminated  structure,  in  some  instances  appearing  almost  col- 
umnar.    The  specific  gravity  of  the  purest  is  7*4  to  7*5. 

Analysis  of  the  mineral*  gave  results  as  follws: 

Bi  O, 86-36  per  cent. 

C(5, 7-79         « 

H,0  2-02         " 

Insoluble 3*63         " 

Total 99-80 

It  was  not  easy  to  select  material  entirely  free  from  gangue 
but  this  was  not  necessary,  as  the  solution  of  the  mineral  in 
dilute  nitric  acid  is  complete,  leaving  a  residue  of  mica  and 
quartz  only.     Deducting  this  residue  and   calculating  to  one 

hundred  per  cent  gives : 

. 

Bi  O, ^ 89-80  per  cent 

CO, 8-10         " 

H,0 210         " 

The  formula  suggested  is  Bi,C,0,+2Bi,H,04,  requiring 
Bi,0.   89-31,  CO,   8-40    and    H,0   2*29,    which    agrees   very 

♦  By  Mr.  F.  I.  Cairns. 


B.  T.  HiXi—Oroaa  Timbera  in  Northern  Texas.       291 

• 

well  with  the  figures  given  above.  The  mineral  is  therefore  a 
<K)mbination  of  bismuth  carbonate  and  hydrate.  Comparing 
this  formula  with  BiC,  which  is  given  by  Weisbach*  for  his 
'bismutospbaerite,  or  rather  with  its  equivalent  Bi,C,0,+2Bi,0^ 
we  see  that  they  differ  only  in  the  hydration  of  the  bismuth 
oxide.  If  we  regard  the  loss  in  Winkler's  analysis  as  water, 
and  after  deducting  the  silica  found,  cialculate  to  one  hundred 
per  cent,  it  becomes  Bi,0,  88-.83,  CO,  8-90  and  H.O  218, 
also  (juite  near  the  figures  required  by  the  formula. 

It  IS  to  be  hoped  that  there  will  be  a  new  examination  of 

bismutosphserite,  for  it  certainly  is  a  suspicious  circumstance 

xhat  the  loss  in  the  analysis  given,  an  analysis  on  which  a  new 

^ame  is  based,  should  be  exactly  the  amount  of  water  required 

^^  make  it  the  well-known  mineral  bismutite. 

Glintoo,  N.  Y.,  Febroaiy  16,  1887. 


Art.  XXXrV. — The  Topography  and  Geology  of  the  Oross  Tim- 
bers and  surrounding  regions  in  Northern  Texas  ;  by  BOBERT 
T.  HiLL.t    With  a  Map,  Plate  VI. 

Thb  Cross  Timbers  of  Texas  are  two  long  and  narrow  strips 
of  forest  region  between  the  96th  and  99th  meridians,  ex- 
tending parallel  to  each  other  from  the  Indian  Territory  south- 
ward to  the  central  portion  of  the  State,  forming  a  marked 
exception  to  the  usual  prairie  features  of  that  country.  They 
have  been  delineated  upon  several  maps,  but  most  accurately 
upon  the  one  accompanying  the  **  Report  on  the  Cotton  Produc- 
tion of  the  State  of  Texas,  with  a  Discussion  of  the  Agricul- 
tural Features  of  the  State,"  by  R  H.  Loughridge,  Ph.D., 
Special  Agent  of  the  Tenth  Census,:j:  which  has  been  adopted 
in  the  map  illustrating  the  areal  distribution  of  the  geologic 
formations  of  the  United  States,  published  in  vol.  v,  of  the 
Annual  Reports  of  the  Director  of  the  U.  S.  Geological  Survey. 

The  traveler,  in  crossing  this  region  of  Texas  from  east  to 
west,  along  the  line  of  the  Texas  and  Pacific  railroad,  views 
the  Cross  Timbers  merely  as  a  grdteful  relief  to  the  monotony 
of  the  prairies,  and  sees  little  in  them  worth  remembering. 
To  the  more  careful  observer,  however,  there  are  numerous 
points  of  interest  bearing  on  their  topographic  and  geologic 
relations,  some  of  which  are  worthy  of  presentation. 

♦  Jahrb.  Berg-Hutt.,  1877. 

t  Read  before  the  Philosophical  Society  of  Washington,  Jan.  29,  1877. 

i  Rep.  Tenth  Census,  vol.  ▼,  pt.  I,  1884,  pp.  663-831. 
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The  literature  hitherto  published  on  the  subject  conveys  but 
vague  ideas  of  the  real  nature  of  the  Cross  Timbers,  and  usually 
ignores  the  discussion  of  their  physical  features.  In  fact  they 
have  always  been  treated  together  as  one  phenomenon,  and  but 
little  intimation  has  been  made  of  the  differences  existing 
between  them.  Neither  has  much  of  definite  value  been  pub- 
lished on  the  surrounding  region,  for  which  reason  it  will  be 
necessary  to  include  it  in  this  discussion. 

Th€  Upper  Cross  Timbers, 

From  their  greater  altitude  and  their  position  relative  to  the 
flow  of  the  rivers,  the  more  western  of  the  Cross  Timbers,  al-- 
though  geologically  lower  in  the  series,  is  known  as  the  Upper, 
in  distinction  from  the  eastern,  or  Lower.  It  extends  southward 
from  the  Indian  Territory,  through  the  counties  of  Montague, 
Wise,  Jack,  Parker,  Hood,  Erath  and  Comanche,  to  near  the 
Colorado  River.  Its  eastern  border  at  every  point  is  clearly 
defined,  the  adjoining  prairie  region  being  invariably  much 
higher  in  altitude.  The  western  border  is  not  so  sharply- 
marked,  but  it  approximately  coincides  with  the  98th  meridian 
until  near  the  32d  degree  of  latitude,  when  it  bends  to  th^ 
westward,  losing  its  identity  by  **  thinning  out,"  so  that  the 
boundary  between  ihe  wooded  and  prairie  region  is  not  always 
apparent.  The  surface  soil  usually  consists  of  an  exceedingly 
fine  grained  siliceous  sand,  which  is  the  detritus  of  the  under- 
lying strata.  This  sand  is  utterly  untenacious,  except  when 
wet,  and  is  readily  distributed  by  the  high  winds  over  the  sur- 
face so  as  to  effectually  conceal  the  underlying  strata.  A  small 
amount  of  red  clay  from  a  neighboring  stratum  gives  to  the 
sand,  when  mixed  with  it,  a  dirt  yellow  color.  Although  des- 
titute of  turf,  the  surface  is  covered  with  a  thick  growth  of 
stunted  trees  and  bushes,  consisting  mainly  of  the  post  oak 
{Quercus  ohtusihha)  and  the  black  jack  {Q.  nigra)^  accom- 
panied by  elms  and  hackberries,  and  many  annuals  and  peren- 
nials that  accommodate  their  appearance  to  the  time  of  rainfall. 
This  flora  is  nearly  constant  throughout  the  entire  extent  of 
the  Upper  Cross  Timbers,  and  most  of  its  species  also  occur  in 
the  lower  member.  The  character  of  the  soil,  as  above  de- 
scribed, is  also  constant  along  the  eastern  edge,  but  is  varied 
along  the  western  half  of  the  timbers  by  the  presence  of  a 
crumbling,  fine-pebble  conglomerate. 

llie  Lower  Cross  Timbers, 

The  lower  Cross  Timbers  are  located  about  fifty  miles  east 
of  the  upper  belt,  and  extend  in  a  direction  approximately 
parallel  to  it.  They  are  separated  their  entire  length  by  a 
prairie  region,  utterly  destitute  of  timber.     The  western  mar- 
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gin  of  the  Lower  Cross  Timbers  is  clearly  defined,  as  is  the  case 
with  the  eastern  edge  of  the  Upper  member ;  but,  instead  of 
being  below  the  level  of  the  prairie  it  is  always  at  a  higher  alti- 
tude. The  soil  of  the  Lower  Cross  Timbers,  although  also  are- 
naceous, differs  from  that  of  the  Upper  in  many  respects.  It 
is  ferruginous  and  more  fertile,  averaging  less  than  ninety  per 
cent  of  insoluble  silica,  while  that  of  the  Upper  usually  exceeds 
-ninety-seven.  The  difference  in  fertility  oi  the  soils  produces 
Sk  varietal  difference  in  the  flora,  the  trees  attaining  much  larger 
proportions  and  the  number  of  species  being  slightly  greater. 
The  average  width  of  the  Lower  Cross  Timbers  does  not  exceed 
^fteen  miles,  and  they  lose  their  identity  near  the  Brazos 
Hiver,  at  Waco. 

It  is  now  evident  that  the  resemblances  of  the  two  belts  of 
timber  are  only  of  a  general  character,  and  an  examination  into 
their  geologic  relations  will  show  many  more  important  differ- 
ences than  those  already  pointed  out. 

Ftevalent  Theories  as  to  the  Cross  THmbers, 

The  occurrence  of  these  anomalous  belts  of  timbered  region, 

extending  in  a  direction  at  right  angles  to  the  streams,  has 

been  productive  of  many  hypotheses  cpncerning  their  origin. 

J^nfortunately,  very  few  geologists  have  heretofore  visited  the 

Country,  and  hence  most  of  these  hypotheses  have  been  based 

Qpon  compilation  or  tradition.     Most  of  them  imply  that  the 

Arenaceous  soils  of  the  Cross  Timbers  have  resulted  from  the 

Sediments   of    post-Cretaceous   aqueous   channels    or    basins, 

Hrhich  have  been  preserved  intact  from  destructive  denudation. 

T^hese  iheories  are  partially  derived  from  the  relative  position 

of  the  timbers  to  the  adjacent  prairies.     One  of  ihem  is  that 

^tey  represent  arms,  or  inlets,  of  the  Tertiary  sea* — a  theory 

*^ade  plausible  by  the  proximity  of  their  southern  termini  to 

"tte  western  borders  of  the  Tertiary  area,  and  the  occurrence  in 

^^ne  of  the  Timbers  of  a  molluscan  fauna,  presenting  at  the  first 

glance  a  Tertiary  facies.     A  second  theory  is  that  they  are  the 

V>ed8  of   extinct  lakes,  lind   a   third,  that   they  represent  the 

Cihannels  of  Quaternary  river8,f  the  directions  of  which  indicate 

X^\\G  former  general  slope  of  the  surface  of  the  country.     The 

^liurrent  opinions  concerning  their  geologic  age  have  been  as 

*  *'  First  Annual  Report  of  the  Geolojfical  and  Aj^ricultural  Survey  of  the  State 
^^f  Texas,  by  S.  B.  Buckley,  State  Geologist,"  pp.  61,  62.     Houston,  1874. 

+  Dr.  Loughridge  speaks  thus  of  the  river  channel  theory:  "In  many  points 
^long  its  course  the  general  surface  of  the  belt  is  lower  than  the  adjoining  prai- 
»^e8.  and  the  general  features  of  the  lower  Cross  Timbers  almost  lead  to  the  con- 
clusion that  at  some  time  ,a  deep  trough-like  valley  connected  Red  (perhaps  the 
Canadian)  and  Brazos  rivers,  probably  forming  the  bed  of  the  former  river  and 
ooDTeying  its  waters  to  the  Gulf  through  the  present  channel  of  the  Brazos,  and 
tihskt  by  some  agency  this  valley  was  filled  with  clays  and  sands  and  the  present 
^annel  of  the  river  formed." — Rep.  on  Cotton  Production,  p.  29. 
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diverse  as  those  concerning  their  ori^n.  Dr.  S.  B.  Baokle] 
in  his  ^^ First  Annual  Report  of  the  Agricultural  and  Geolog 
cal  Survey  of  the  State  of  Texas,*'  erroneously  calls  the  lowi 
member  the  "  upper*'  (p.  61)  in  one  place,  and  refers  them  t 
the  ^'  Miocene,"  and  on  the  next  page  he  speaks  of  them  bot 
as  probably  *^  Tertiary.''  Messrs.  Blake  and  Hitchcock,  o 
their  geological  map  of  the  United  States  (1876),  delineate  onl 
the  lower  member  of  the  Cross  Timbers,  and  color  it  Eooen 
Mr.  A.  S.  Boessler's  series  of  county  maps  of  Texas  represei 
the  upper  timbers  as  Tertiary.  A  prominent  authority  on  tli 
Southern  States  Tertiaries,  in  a  private  letter,  maintains  th] 
the  upper  member  is  Carboniferous,  and  the  lower' one  of  A 
Cretaceous  period  (Ripley).  Dr.  R.  H.  Loughridge,  in  the  vn 
uable  treatise  so  often  mentioned  in  this  paper,  gives  the  be 
account  of  them  that  I  have  seen  in  print,  and  calls  thei 
"stratified  Quaternary  drift.''  Mr.  W.  J.  McGee,  naturall 
accepting  Dr.  Loughridge's  theory  as  the  most  plausible,  incoi 
porated  it  in  his  Map  of  the  United  States,  accompanying  th 
Fifth  Annual  Report  of  the  Director  of  the  U.  S.  Geologica 
Survey,  Washington,  D.  C,  1886.* 

With  all  of  these  theories  in  mind,  I  must  confess  that 
visited  the  region  this  summer  with  a  preconceived  idea  tha 
I  should  find  some  one  of  them  approximately  true,  and 
was  greatly  surprised  to  find  them  all  equally  erroneous. 

Topographic  and  geologic  characteristics. 

Before  a  proper  appreciation  of  the  relations  of  the  two  mem 
bers  of  the  Cross  Timbers  to  each  other  can  be  arrived  at,  it  i 
necessary  to  briefly  review  the  salient  topographical  features  c 
this  portion  of  the  State  of  Texas.f  The  river  drainage  of  th 
State  indicates  the  only  general  feature  in  its  topography — 
slope  of  the  surface  from  northwest  to  southeast;  but  even  t 
this  feature  there  are  several  important  exceptions.  For  m 
own  convenience  I  have  divided  the  topographic  features  c 
the  State  into  the  following  broad  areas: 

First — The  Coast  Plain,  a  continuation  of  the  topograph! 
features  of  the  Gulf  States  so  far  as  they  represent  old  outline 
of  Post-Cretaceous  sedimentation  of  the  Gulf  of  Mexicc 
Althouo;h  a  portion  of  the  Cretaceous  strata  for  a  short  distanc 
west  of  it  could  be  classified  geologicallv  with  this  Coast  plair 
its  topographic  border  is  made  to  coincide  with  the  interic 
border  of  the  marine  Tertiary,  the  plain  being  mostly  a  foresi 
covered  section  of  country,  and  at  a  much  lower  altitude  thai 
the  prairie  region. 

Second. — The  "  Black  Prairie  Region.''  This  constitutes  a 
elongated,  triangular  region  continuing   from  Arkansas  ant 

*  Mr.  C.  H.  Hitchcock  also  accepts  this  in  his  late  map,  1886.        f  See  map. 
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Indian  Territory  into  Northern  and  Central  Texas,  and  im- 
mediately adjoining  the  foregoing  topographical  division  on 
the  west  Its  western  border  follows  a  line  drawn  through 
Dallas  and  Austin,  from  Denison  to  San  Antonio,  where  it 
makes  a  western  deflection  to  the  Sio  Grande.  Geologically, 
this  region  is  also  a  continuation  of  the  features  of  the  other 
Oulf  States,  but  beyond  its  western  edge  the  continuity  ceases. 
It  differs  from  the  Coastal  Plain  in  being  at  a  much  greater  alti- 
tude, and  consir^ting  almost  entirely  of  a  level  prairie  region. 
Its  altitude  ia  from  450  to  750  feet. 

Third. — The  Central  Denuded  or  Hilly  Region.  This  area,  in 
itself,  embraces  a  great  number  of  unique  and  well-marked 
topographic  features,  each  of  which  is  worthy  of  a  more  detailed 
description  than  can  be  here  given.  It  might  be  called  the 
*^.  butte  "  region,  the  "  drouth  "  region,  or  by  any  of  a  dozen  local 
descriptive  names  equally  applicable  to  it;  but  its  general  fea* 
tures  are  all  the  result  of  one  great  cause,  an  excessive  amount 
of  superficial  denudation.  It  includes  all  the  country  west  of 
the  Black  Prairie  Region  to  the  escarpment  of  the  plains,  in  the 
northwest,  and  to  the  Trans* Pecos  mountainous  region  of  the 
southwest  It  embraces  a  multitude  of  geologic  formations, 
but  there  is  in  it  little*  or  no  evidence  of  local  disturbance  in 
the  strata.     Its  altitude  is  generally  between  750  and  2000  feet. 

Fourth, — The  Plateau,  or  Pan  Handle  Region.  This  com- 
prises the  northern  and  most  extensive  half  of  the  Llano  Esta- 
cado,  and  is  a  southern  continuation  of  the  great  plains  of 
Kansas. 

Fiflh. — The  Mountainous  or  Trans-Pecos  Region.  Most  of 
the  country  west  of  the  Pecos  consists  of  highly  disturbed, 
mountainous  areas.  The  general  direction  of  the  axes  of  the 
disturbances  is  parallel  with  the  course  of  the  Pecos,  the  Rio 
Bravo,  and  the  Sabinas  river  in  Mexico,  all  which  flow  nearly 
due  southeast.  The  eastern  border  of  this  area  crosses  the  Rio 
Grande  west  of  the  Pecos,  continues  in  Mexico  for  a  distance, 
but  again  crosses  the  Rio  Grande  eighteen  miles  west  of  Eagle 
Pass,  and  for  a  hundred  and  fifty  miles  it  extends  along  the 
Texas  side  of  that  river  to  below  Laredo,  where  it  again  crosses 
it  into  Mexico. 

I  have  endeavored  to  delineate  this  classification  of  the 
topographic  features  upon  the  accompanying  map,  plate  VI. 

The  two  belts  of  the  Cross  Timbers  are  entirely  within  the 
third,  or  Central  Denuded  Region,  the  eastern  border  of  the  lower 
timbers  coinciding  almost  exactly  with  the  western  border  of 
the  second  topographical  area.  The  chief  geologic  agency  in 
modifying  the  surface  of  this  region,  as  before  stated,  has  been 
subaerial  erosion.     The  only  elevation  apparent  is  that  which 

*  No  recorded  disturbance  ,1  should  say.     There  is  an  important  dislocation  of 
strata  in  this  region  to  which  I  shall  soon  call  attention. 

Am.  Joub.  Sol— I'HiRD  Seribs,  Vol.  XXXIII,  No.  196.— Apbil,  188T. 
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is  common  to  the  other  areas,  and  which  was  dne  to  the  rising 
of  the  Rocky  Mountain  axes.  The  denudation  resulting  from 
the  sabaerial  erosion  has  been  very  great,  the  whole  of  the  geo- 
logic series,  from  the  recent  to  far  down  into  the  Carboniferous, 
having  been  removed  from  its  center  or  place  of  greatest  denu- 
dation. In  traveling  in  either  direction  from  the  center  of  this 
region,  east  or  west,  and  sometimes  south,  the  geologic  forma- 
tions will  be  passed  in  ascending  series,  from  the  Carboniferous 
into  the  Tertiaries.  The  denudation  is  progressing  now  at  a 
rate  probably  greater  than  in  any  time  past,  and  the  geologic 
features  are  being  constantly  modified  by  it.  The  Tertiary,  if 
it  ever  existed  there,*  has  already  been  removed  from  this  vast 
area,  and  the  Cretaceous  is  rapidly  yielding — in  places  entirely 
gone.  This  fact  being  true,  it  is  evident  that  the  Cross  Timbers 
cannot  represent  any  post-Cretaceous  sediments. 

Going  from  east  to  west  along  the  line  of  the  Texas  Pacific 
Railway,  as  I  have  represented  upon  the  accompanying  profile 
and  geologic  section — from  the  area  of  the  least  denudation  to 
that  of  the  greatest — let  us  examine  more  closely  into  the  rela- 
tions of  the  strata,  and  their  connection  with  the  present  topo- 
graphic features.  The  second  topographic  area,  after  passing 
west  of  the  first,  or  Coast  Plain  (with  which  I  shall  not  deal  in 
this  paper),  is  locally  known  as  the  "  black  waxy,"  or  "  white 
rock  prairie,  two  names  derived  respectively  from  the  char- 
acter of  the  soil  and  of  the  underlying  rock.  It  has  such  topo- 
graphic, geologic,  and  paleontologic  resemblance  to  the  "  Rotten 
limestone  '*  of  the  other  Gulf  States,  as  well  as  direct  geographic 
continuity,  that  there  is  no  doubt  but  that  it,  as  well  as  its 
immediately  adjacent  strata,  is  a  continuation  of  the  same 
formations  from  those  States.  The  underlying  rock  (6)f  is  a 
soft,  almost  structureless,  slightly  foraminiferous  limestone 
rich  in  magnesium,  which,  on  dry  exposure,  hardens  and 
bleaches  to  a  yellow-white,  and  on  contact  with  moisture 
readily  decomposes  and  crumbles.  Natural  sections,  wherever 
exposed  by  the  creeks  or  rivers,  show  that  there  is  a  gradual 
transition  from  rock  to  marl  and  marl  to  soil.  In  other  words, 
the  top  of  the  rock,  when  acted  upon  by  infiltrating  moisture, 
is  decomposed  into  the  marls  and  soils.  The  uniformity  of  this 
under-surface  decomposition  over  a  large  area,  together  with 
the  tenacity  of  the  soil,  results  in  a  level  and  well  defined 
prairie  region.  The  eastern  edge  of  this  Rotten  limestone,  where 
It  dips  under  the  higher  protecting  strata,  is  much  thicker  than 

♦  The  land  divide  which  probably  separated  the  brackish  and  fresh-water  Ter- 
tiaries of  the  west  from  the  purely  marine  Tertiaries  of  the  GuJf  region  may  have 
occupied  this  region  at  oue  time.  The  marine  Tertiaries  end  in  the  vicinity  of 
Elmo,  Kaufman  County  {a'). 

t  Letters  in  parentheses  refer  to  the  letters  upon  the  profile  and  geologic 
•ectioD  aooompanying. 
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the  western,  the  latter  constantlj  undergoing  the  process  of 
oblique  truiicution  by  erosion.  As  a  result  of  this  action  i' 
becomes  thinner  and  thinner  toward  the  west,  until  it  is  finiUy 
•  For  wnvpnicnt  referencp  anil  brevity,  I  have  fonnuUtod  into  r  bbcUoo  *• 
Bynoaymy.  litlioloiry,  hitherto  piibliBhed  paleontolofry,  and  occurrence  along  ll* 
Teias  Pacific  ttailway  of  tbese  Htrata.  With  a  yarUtion  of  thickueEs  Bocordim 
to  locality,  Ibis  saction  ia   applicable  to  the  Aiutin  or  New  Bnunfelg  rafficn- 
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Pacific  BmOroad^fnm  Elmo^  Kaufman  Coun^,  to  MilUap^  Parker  Coun^^  and,  loUh  local  Vairiationg  <^ 
Based  li^Mt  Tpermmal  ObtervaHon,    By  Robert  T.  Hill.  • 


Paleontoloot. 


OCCCRRKNOK  ALONG  TBXA8  PaCOIO  B.R. 


Van  Zandt  Ck>.  west  to  Elmo. 


**  I  harve  been  able  to  recoenise  the  foUowing  specie*  Elmo  and  Terrell. 
ronimon  to  the  Tippah  (Mies.)  and  Navarro  (Texas)  i 

beds:    Nautilus  Dekayl,  Bactdites  Tippaensib,  B.  Terrell    to  concealed   point   fifteen   miles  west  ol 
SpiUtnsnl,  Purpurea  cancellaria^  Bapa  supraplicata, !    DaUan. 
Strctmbns  densatus,  Ficus  subdensatus,  Pleiirotoma' 
Rlpleyana,  Pholadomya   Tippana,    P.    eleKantiila,iNarrowH  southward  towards  Rio  Orande.    This  and 


P.  c-liy^ardinm  S^^llmani.  Legumen  t-lliptica,  8ill 
qnaria  biplicata,  Pecten  simplicus,  P.  Burlingtoneu- 
feii:,  and  Exogyra  costata." — B.  K.  Shumard,  Proc. 
Bost.  8oc.  Nat  Hist.  1861. 


Inoceramus  biformis,  Oryphna  yesicularis,  Exogyr* 
eoBtaitai,  Osteca  anomiaf  orrais.  Area  vulgaris,  Raoio- 
Uteti  Anstinensis,  Nautilus  Dekayi.Bacnlites  anccps, 
Bellooceraa,  Ammonites,  CassidnluB  nqnorus.  He- .From  above  point  east  of  Dallas  to  Eagle  Ford,  seren 


all  the  Hucceciling  members  are  exposed  alougportll 
and  south  lines  from  Denison  to  beyond  New  Braun- 
XK-ls,  uud  can  be  transected  by  going  from  east  tc 
west    They  thicken  southward. 


miaHter  porasutus. — B.  F.  Shumard.  Aug.,  1860 
XoKt  of  KGeooer's  species  from  the  Cri'taceous  at  the 
foot  of  the  highlaiids  arc  from  the  Austin  Lime^ 
stona  aod  thf»  upper  (Ripley)  beds. 

Dr.  Sbmnard's  list  includes  forms  of  the  over  and 
aDd:^ying  beds.— R.  T.  H. 

•Ortrett  bellapUcata  Shum. 


Oorax,  Lamoa,  Otodus,  and  nthfir  vi>rtebrates  in  the  Along  face  of   escarpment  and  underl3rlng  prairie 


miles  west  of  Dallas. 


Escarpment,  two  miles  south  of  Eagle  Ford,  and 
along  north  and  south  line  to  Deidson. 


upper  hall 

Only  asone  of  Inoceramus  problematicus,  Ostrea  con- 
gestsi^  and  various  undetermined  AmmonitidA.  Blue 
shales  at  base  are  barren. 


Oktreid«,  lignites,  etc. 


from  Eagle  Ford  to  seven  miles  west 
Denison. 


Also  at 


Lower  Cross  Tlml)ers,  from  point  few  miles  east  od 
Arlington  to  eight  miles  west    Thins  out  to  south. 


FOBEIITT     BT     EBOSXON. 


Ostrra  crenulimargo,  Turrltella  llamochii,  Nucula,  Missing  at  Fort  Worth,  having  been  eroded  away  prfr 
Corbula,  etc  vlons  to  deposition  of  above  group. 

ibny  species  of  off-shore  fauna,  niostly  undescribed.  This  upper  portion  of  the  Texas  Cretaceous  occuinei 


in  upper  bed.  Many  forms  from  below.  Anan 
chytea  ovatus,  Lima  Wacoensis,  Ammonites  Swal- 
lovil,  Janira  occidentaUs,  J.  Texana,  Qryphfea 
ainniita,  Marcou ;  Ostrea  Marshii,  Marcou ;  O.  Pitch- 
eri  bed  accompuiied  by  O.  carinata. 


a  narrow  area  from  Fort  Washita  to  San  Antonio ;  li 
esxxH'ially  well  expos(>d  along  Missouri  Pacific  R.R 
N<'urly  the  entire  series  can  be  found  in  a  short  di» 
tance  from  the  city  of  Fort  Wort  h. 


A.  v<-«pertinus,  formerly  A. 
aunmatus,  Inoceramus. 


Texanus. 


Ancyloceras  B<»two(>ii  Fort  Worth  and  Woatherford,  forming  bam 
of  high  prairies. 

Th»r  fomJculate  and  naviate  viwieties  of  6.  Pitcherl  Six  miles  west  of  Fort  Worth,  south  of  Ben  Brook' 
abundant.  i    etc. 

Ammonites  acutocarinatus,  Shim:i.,  and  all  of  Shu-  Top  of  thiH  group  first  cxiKised  in  bed  of  Trinity, 
mard's  typical  Comanche  Peak  fauna  in  greater'  Fort  Worth.  Iligbest  summit  Ben  Brook  Station, 
abundance. 


Tex-  Traces  on  butti-s  8.  of  WV'atherford ;  typical  at  Co- 
manrho  Peak. 


M  Comanche   Peak  "   fauna,    with   Hippurlt<^ 
anuM  ;  Caprina,  Bequlenia.  etc 

Over  Aftysp«*cies  have  been  described  which  b<'long,WelldlHplay«xlin  \nrinltyof  Weatherford,from  wiiici 
here.  See  Shnmard's  s  ction.  The  Oryph»a  Ix'ti  ix)Int  to  Millsap,  ton  iiiiles  west,  the  remainder  oi 
No.  2,  with  O.  Matheroniana,  is  part.  I    this  sinftloii  Is   regularly  expowd  in  dewM^ndinj 

Cadmin^on  of  Requienia  Texana ;  Panopea  and  many     furies. 
bivalve  casts.  | 

Verti^lwato  remains  only,  Dinosauridffi,  Chelonlflw,  Upix-r  froHs  TimlxTs,  f«-w  milrs  wi>Mt  of  Weath<'rford 
etc.  ,     to  Millsap  Station  :  Bond  Uills  of  Staked  Plains. 

■Millsttii  Btution. 

(4)  Tt-nthC'cnsuH  U<  p.  on  Cotton  l^^\xiuctioii,'K4,  p.  18.~ 

Dkcember  'ia.  1886. 


(3)  Prtic.  Biost  Soc  Nat  Hist,  vol  vlil,  '01. 


worn  away  entirely.  In  the  section  of  the  State  under  consid- 
eration this  western  ed^e  forms  an  escarpment,  as  seen  along 
Mountain  Creek,  in  Dallas  County  (6).f 

f  In  the  region  of  the  State  between  San  Antonio  and  Austin  the  escarpment 
relation  of  the  two  formations  is  reversed,  the  Gulf  Cretaceous  being  deposited 
there  at  the  foot  of  the  disturbed  Texas. 
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Immediately  underlying  this  Botten  limestone,  and  chieflj 
exposed  beneath  its  projecting  stratum,  along  the  escarpment 
base,  are  several  hundred  feet  of  barren  argillaceous  shales  (e), 
yellow  above,  and  gradating  into  blue  black  at  the  base,  with 
the  huge  septaria  so  familiar  to  one  who  has  seen  the  Niobrara 
shales  of  the  west.  Where  the  protecting  limestone  has  been 
washed  away,  the  shales  weather  into  a  gently  undulating 
prairie,  with  a  predisposition  to  that  character  locwlly  known 
as  "hog  wallow."  This  is  the  second  character  of  prairie, a 
prairie  resulting  from  weathering  of  shales;  it  extends  as 
a  narrow  strip  along  the  western  edge  of  the  Rotten  limestone 
region,  but  fades  out  before  reaching  the  center  of  the  State. 

Continuing  westward  the  next   topographic   feature  is  the 
belt  of  forest  region  known  as  the  *' Lower  Cross  Timbers." 
Geologically  the  area  occupied  by  these  timbers  consists  of  a 
series  of  coarse,  friable,  arenaceous  sandstones,  ((2^  alternating 
with  clays,  whose  position  is  beneath  the  shales  ana  limestones; 
and,  like  them,  its  western   projecting  margin  is  constantly 
wearing  away.     The  unique  fauna,  now  being  studied  by  Dr. 
C.  A.  White,  and  the  presence  of  lignites,  indicate  that  the 
sediments  are   those   of  shallow    waters;  *  they  resemble  the 
basal  groups  of  the  cisMississippi  region,*  ana,  Dr.  While  be- 
lieves, the  Dakota  sandstones  or  Kansas.     Elsewhere  than  in 
Texas  this  group  would  be  considered  the  base  of  the  Creta- 
ceous ;  but  such  is  not  the  case  here,  for  it  clearly  rests  upon  four 
hundred  feet  of  a  second,  and  lower  series  of  limestone  strata  (e) 
and    one   that   was   greatly  eroded    before   these   sands   were 
deposited.      This   is   the   **  Texas  ^'   group   of    the   American 
Cretaceous — the  probability  of  the  existence  of  which  I  pointed 
out  in  a  previous  paper,  and  which  is  now  demonstrated  to  be 
lower  than  any  of  the  hitherto  described  marine  Cretaceous  of 
this  country. 

This  limestone  formation  underlies  the  third  character  of  prai- 
rie, which  extends  parallel  with  and  between  the  two  Cross  Tim- 
bers. The  strata  are  bands  of  varying  thickness  of  yellow-white 
limestones  of  a  peculiar  structure,  alternating  with  calcareous 
clays  and  marls  of  the  same  color.  The  prairie  extends  from 
four  miles  east  of  Fort  Worth  to  seven  miles  west  of  Weather- 
ford.  In  crossing  it  the  strata  from  top  to  bottom  are  succes- 
sively passed.  Its  surface  is  barren  and  rocky,  excepting  in 
rainy  seasons,  and  slopes  at  a  much  greater  angle  to  the 
southeast  than  the  others  we  have  described.  This  was  known 
to  old  travelers  as  the  "  Grand  Prairie,"  a  term  which  is  worthv 
of  preservation.     One  of  the  strata  of  limestone  (c*)  presents  a 

*  This  aud  all  strata  above  it  in  Texas  aro  a  continuation  of  the  Alabama, 
Tennessee,  Mississippi  and  Arkansas  Cretaceous  and  Tertiaries,  to  which  I  give 
the  name  of  Gulf  series. 
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maoh  greater  resistance  to  the  constantly  attacking  forces  of 
erosion  than  the  others.  As  a  result  of  this  fact  it  forms  a 
table  land  for  many  miles,  and  is  the  highest  portion  of  the 

Erairie.     The  huge  ammonites*  which  are  characteristic  of  this 
orizon,  project  everywhere  through  the  thin  soil.     This  is  the 
third  character  of  prairie,  a  prairie  resulting  from  resistance. 
The  western  edge  of  this   prairie  projects  as  an  escarpment 
above  the  next  topographic  feature  that  we  here  describe.     The 
ragged  edge  is  well  marked,  and  from  it  we  look  down  upon 
the  Upper  Cross  Timbers  to  the  westward.     Sometimes  we  can 
the  fiat  topped  buttes,f  left  by  the  constantly  receding  line, 
remnants  of  the  formation's  former  extent.     These  buttes 
sometimes  appear  like  islands  rising  from  the  depression  occu- 
pied by  the  Cross  Timbers,  but  usually  they  are  situated  on 
the  edge  of  the  adjacent  prairie  region.     They  are  generally 
eapped  by  the  same  peculiar  stratum  of  limestone,^  resting 
upon  looser  strata  that  quickly  wash  away  when  the  cap  suc- 
cumbs.    Sometimes  they  appear  as  mere  hillocks,  representing 
remnants  of  the  buttes  from  which  this  protecting  stratum  has 
been  eroded.     These  buttes  are  the  most  prominent  features  of 
this  area  of  greatest  denudation,   and  are  distributed  over  it 
usually  upon  and  around  the  edge  of  the  Carboniferous  expos- 
ures.    From  the  top  of  these   buttes  and  the  edge  of  Grand 
Prairie,  the  Cross  Timbers  look  like  the  waters  of  a  long  and 
narrow  lake  viewed  from  an  adjacent  highland,  and  in  some 
cases,  the  opposite  shore,  as  in  Comanche  county,  may  be  recog- 
nized.    But  the  resemblance  to  a  lake  is  only  superficial.     It 
is  a  case  of  pseudomorphism,  if  I  may  be  allowed  to  use  that 
expression,  wherein  the  forces  of  sub-aerial  erosion  have  imitated 
those  of  wind  and  wave.     The  essential  features  of  shore  topo- 
graphy and  lacustrine  sedimentation  are  absent.     The  marks 
of  erosion  are  plainly  evident. 

On  descending  the  escarpment  at  the  western  edge  of  the 
Orand  Prairie,  we  reach  the  sandy  soil  of  the  Upper  Cross  Tim- 
bers. A  geologic  section  will  show  that  the  surface  soil  is 
detritus  of  the  underlying  strata  {/,  g\  which  dip  to  the  east, 
under  the  adjacent  limestone  prairie.  This  series  of  sandy 
strata  varies  in  structure  as  we  descend  them.  The  upper 
strata  abound  in  Dinosaurian  bones  and  teeth,  the  lower  in 
Lepidodendrons  and  Calamites.  They  mark  the  contact  of  the 
basal  Mesozoic  and  the  Carboniferous. 

The  sands  of  the  eastern  half  of  the  Upper  Cross  Timbers  are 
purely  siliceous,  fine-grained,  and  utterly  free  from  any  cement- 

*  A.  vespertinw  Morton,  1834 ;  A.  Texana  Roemer. 
+  Caprina  Limestone  of  Shumard  («*X 
X  Comanche  Peak  Group  of  Shumard  (c*). 
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ing  matrix.  Tbey  are  so  friable  that  they  quickly  loae  all 
appearance  of  original  stratification  on  exposure,  and  were  it 
not  for  railroad-cuts  and  well-borings  through  the  overlying 
Cretaceous  limestone,  their  true  stratigraphic  position  would 
still  remain  obscure.  The  pure  white  sands  of  this  series  can 
be  traced  along  the  eastern  border  of  the  Cross  Timbers  for  over 
a  hundred  miles.  These  sands  constitute  the  receiving  reser- 
voir for  the  artesian  wells  of  Fort  Worth  and  Dallas,  their 
strata  dipping  at  such  an  angle  under  the  Grand  Prairie,  that 
they  are  reached  at  a  depth  of  350  feet  beneath  the  first  named 
place,  and  about  750  at  the  latter.  The  detritus  of  this  stratum 
has  been  distributed  over  most  of  the  Upper  Cross  Timbers,  so 
as  to  obscure  the  exact  contact  of  the  Cretaceous — if  the  Di  no- 
saurian  sands  be  Cretaceous — and  the  Carboniferous.  But 
close  inspection  will  reveal  the  underlying  Carboniferous  sands 
and  conglomerates  in  situy  accompanied  by  characteristic  fos- 
sils. 

West  of  the  Upper  Cross  Timbers  the  Texas  Pacific  road 
traverses   the  Carboniferous  for  a  hundred  miles.     In  places^ 

Satches  of  the  Cretaceous  an*  preserved  upon  it;  in  others,  the 
arboniferous  itself  is  greatly  eroded.  At  a  point  between  the 
97th  and  the  99tb  meridians  the  greatest  denudation  has  taken 
place.  West  of  this  the  succession  of  the  strata  is  again  an 
ascending  one.  The  red  beds  of  the  Jura  Trias  are  intercalated 
between  the  Cretaceous  and  the  Carboniferous  on  the  western 
side  of  the  latter  formation.  The  arenaceous  beds  are  again 
exposed  in  places,  especially  at  the  white  sand  hills  of  the 
Llano  Estacado.  Traces  of  the  Laramie  and  fresh-water  Ter- 
tiaries  maj'  be  preserved  on  the  plains,  but  these  are  beyond 
the  province  of  this  paper. 

With  this  somewhat  lengthy  explanation  of  the  relations  of 
the  topography  and  stratigraphy  of  tlie  region,  I  think  the  char- 
acter of  the  two  Cross  Timbers  will  now  be  apparent.  It  is 
certain  that  they  do  not  represent  lacustrine  basins  or  fluviatile 
channels,  but  are  simply  the  detritus  of  arenaceous  strata  which 
occupy  well-defined  horizons  in  the  geologic  series,  and  which 
have  been  exposed  by  the  denudation  of  the  overlying  strata. 
The  reason  why  the  timber  confines  itself  to  these  arenaceous 
belts  is  also  evident.  Thev  aflford  a  suitable  matrix  for  the 
penetration  of  the  roots  of  trees,  and  a  constant  reservoir  for 
moisture,  thus  furnishing  two  of  the  greatest  essentials  to  forest 
growth.  The  absence  of  fertilizing  ingredients  in  the  Upper 
Timbers  also  accounts  for  the  exceedingly  scrubby  growth  of 
the  timber,  which  peculiarity,  however,  the  inhabitants  always 
ascribe  to  the  burning  of  the  adjacent  prairies.  The  barrenness 
of  the  prairies,  so  far  as  forest  growth  is  concerned,  is  owing  to 
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^e  absence  of  the  requisite  structural  conditions  for  preserva- 
tion of  moisture,  as  well  as  the  excess  of  carbonate  of  lime  in 
their  soils.*  The  difference  in  fertility  between  the  sandy  loams 
Off  the  Lower  Cross  Timbers  and  the  dirty  sands  of  the  Upper, 
Euxsounts  for  the  varietal  differences  of  their  respective  floras. 
The  flora  of  the  Cross  Timbers  is  by  no  means  confined  to  those 
two  areas,  but  exist  in  smaller  tracts  wherever  the  soil  and  struc- 
ture are  favorable.  In  fact  the  finest  development  of  the  flora 
has  been  observed  in  some  of  these  local  patches. 

The  Cross  Timbers  end  so  abruptly  upon  the  maps  to  the 
south  and  north  for  two  reasons.  To  the  south  the  arenaceous 
strata  are  either  covered  by  higher  strata,  or  washed  away 
entirelv;  the  northern  termination  is  usually  placed  at  Sed 
Biver,  becauseof  the  absence  of  correct  topographical  knowledge 
ooncerning  its  extent  in  the  Indian  Territory.  It  is  well  known, 
however,  that  thev  extend  into  that  region,  and  it  is  probable 
that  the  two  members  there  merge  into  one — the  surface  becom- 
ing more  fertile,  and  the  rains  more  abundant  and  regular,  so 
that  the  timber's  growth  is  not  necessarily  confined  to  the 
sandy  soils. 

It  is  also  now  evident  that  many  important  differences  in  the 
'WO  members  of  the  Cross  Timbers  are  seen  in  Texas,  and  that 
hej  can  no  longer  be  treated  alike  from  an  agricultural  or 
geologic  standpoint,  the  lower  one  being  far  more  fertile  and 
>etter  adapted  to  human  habitation  than  the  upper,  which  is 
DOBtly  an  arid  and  sterile  region. 


SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  On  the  Phosphorescence  of  Alumina, — E.  Becquerel  has 
replied  to  de  Boishaudran  concerning  the  phosphorescence  of 
alumina.  He  had  examined  this  earth  in  1859  and  had  found 
that  the  phosphorescent  light  emitted  by  it  was  red  and  that  it 
gave  a  characteristic  spectrum.  Precipitated  alumina  imperfectly 
calcined  emits  sometimes  a  greenish  light  in  the  phosphoroscope; 
but  when  heated  to  1200°  or  1400°,  the  light  it  gives  is  always 
red.  Moreover  the  author  had  observed  the  influence  of  other 
substances  and  especially  of  chromium,  upon  the  intensity  of  the 
light,  rubies  being  more  luminous  than  white  corundum,  though 
the  composition  ot  the  light  is  the  same.  He  has  now  repeated 
his  experiments,  using  for  the  purpose  substances  furnished  by 
de  Boisbaudran  himself  and  therefore  identical  with  those  expen- 
mented  upon  by  the  latter.*     Fragments  of  this  alumina,  con- 

♦  See  the  February  number  of  this  Journal. 
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sidered  pure,  were  fixed,  by  means  of  gum,  upon  a  piece  of  mica, 
placed  in  the  phosphoroscope  and  excited  by  the  light  of  the 
electric  arc.  Tliey  emitted  a  red  light,  which,  however,  was  mach 
weaker  than  that  given  out  by  alumina  containing  chromiaia 
under  the  same  circumstances.  But  after  having  calcined  this 
pare  alumina  for  fifteen  minutes  in  a  porcelain  crucible  in  a  blast 
furnace,  it  became  quite  as  luminous  in  the  phosphoroscope  as  the 
alumina  containing  chromium  and  of  the  same  color.  Hence  he 
Concludes  that  the  alumina  upon  which  de  Boisbaudran  operated, 
was  not  sufficiently  calcined.  The  experiment  was  then  repeated 
upon  pure  alumina  prepared  by  himself  by  calcining  pure  am- 
monia alum.  The  light  emitted  was  the  characteristic  red  light 
8o  long  ago  studied.  The  addition  of  chromium  then  does  not 
change  the  color  of  the  phosphorescent  light,  but  simply  i 
its  intensity.  Becquerel  also  calls  attention  to  the  difference  i 
the  luminous  phenomena  according  as  they  are  produced  by  th 
electric  light  in  the  phosphoroscope  or  by  the  electric  dischar]^ 
in  vacuo;  the  former  effects  being  simpler,  but  not  obtainab 
with  all  bodies. —  (J.  i?.,  ciii,  1224,  Dec,  1886.  g.  f.  b. 

2.    On    the     Crimson    Line    of   Phosphorescent    Alumina. 
Cbookes  has  presented  to  the  Royal  Society  a  paper  on 


color  emitted  by  pure  alumina  when  submitted  to  the  electric  di 
charge  in  vacuo,  in  answer  to  the  statements  of  de  Boisbaudrai 
In  1879  he  had  stated  that  *^  next  to  the  diamond,  alumina  in  t 
form  of  ruby  is  perhaps  the  most  strikingly  phosphorescent  sto 
I  have  examined.     It  glows  with  a  rich  full  red ;  and  a  remar: 
able  feature  is  that  it  is  of  little  consequence  what  degree  of  col*- 
the  earth  or  stone  possesses  naturally,  the  color  of  the  phospho 
cence  is  nearly   the   same  in   all  cases;  chemically   precipitate ^^^Red 
amorphous  alumina,  rubies  of  a  pale  reddish  yellow  and  gems 
the  prized  *  pigeon's  blood'  color  glowing  alike  in  the  vacuu 
These  results,  as  well  as  the  spectra  obtamed,  he  stated  furth 
corroborated    Becquerel's  observations.      In  consequence  of 
opposite  results  obtained  by  de  Boisbaudran,  Crookes  has  n 
reexamined  this  question  with  a  view  to  clear  up  the  mys 
On  examining  a  specimen  of  alumina   prepared   from   tolera 
pure  aluminum  sulphate,  shown  by  the  ordinary  tests  to  be 
from  chromium,  the  bright  crimson  line,  to  which  the  red  p 
phoreseent  light  is  due,  was  brightly  visible  in  its  spectrum, 
aluminum   sulphate  was   then,  in   separate  portions,  purified 
various    processes    especially  adapted    to   separate    from    it 
chromium  that   might  be  present;  the  best  of  these  being 
given  by  Wohler,  solution   in  excess  of  potassium  hydrate 
precipitation    of  the    alumina   by    a   current   of  chlorine, 
alumina  filtered  of!,  ignited  and  tested  in  a  radiant  matter  t:;  vhe 
gave  as  good  a  crimson  line  spectrum  as  did  that  from  th^    an- 
ginal sulphate.     A  repetition  of  this  purifying  process  gave  no 
change  in   the  result.     Four  possible  explanations  are  offered  of 
the  phenomena  observed:  *^(l)  the  crimson  line  is  due  to  alumina, 
but  it  is  capable  of  being  suppressed  by  an  accompanying  earth 
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hich  concentrates  toward  one  end  of  the  fractionations ;  (2)  the 
imson  line  is  not  due  to  alumina,  but  is  due  to  the  presence  of 
I  accompanying  earth  concentrating  toward  the  other  end  of 
e  fractionations ;  (3)  the  crimson  line  belongs  to  alumina,  but 
»  full  development  requires  certain  precautions  to  be  observed 

the  time  and  intensity  of  ignition,  aegree  of  exhaustion,  or  its 
>solute  freedom  from  alkaline  and  other  bodies  carried  down  by 
'ecipitated  alumina  and  difficult  to  remove  by  washing ;  experi- 
loe  not  having  yet  shown  which  of  these  precautions  are  essen- 
a1  to  the  full  development  of  the  crimson  line  and  which  are 
nessential ;  and  (4)  the  earth  alumina  is  a  compound  molecule, 
ne  of  its  constituent  molecules  giving  the  crimson  line.  Accord- 
ig  to  this  hypothesis  alumina  would  be  analogous  to  yttria." — 
^Mture^  XXXV,  310,  Jan.,  1887.  g.  f.  b. 

3.  On  Phosphorus  pentajlu'oride, — Moissan  has  continued  his 
asearches  on  phosphorus  pentafluoride.  He  iinds  that  when  this 
-as  is  submitted  to  the  action  of  the  electric  spark,  employing 
krthelot's  arrangement  of  apparatus,  great  care  being  taken  to 
ave  it  absolutely  dry,  there  is  no  decomposition  with  sparks 
rbich  in  air  do  not  exceed  four  centimeters  in  length ;  thus  con- 
rming  the  observation  of  Thorpe.  But  when  sparks  were  em- 
iloyed  which  were  15  to  20  centimeters  in  air,  then  the  walls  of 
he  glass  vessel  were  attacked  and  became  dim  and  the  mercury 
Mt  Its  brilliancy.  After  an  hour,  the  experiment  was  concluded 
nd  the  apparatus  allowed  to  cool ;  the  volume  had  diminished. 
)n  adding  water,  silica  was  produced,  showing  the  presence  of 
ilicium  fluoride.  The  remaining  gas,  in  some  cases  15  per  cent 
f  the  whole,  is  not  absorbed  by  water  and  gives  the  reactions  of 
•hosphorus  terfluoridi*.  It  appears  therefore,  that  under  the  in- 
nencc  of  powerful  electric  discharges,  phosphorus  pentafluoride 
\  decomposed  into  the  terfluoride  and  free  fluorine,  the  latter 
ttacking  both  the  mercury  and  the  glass.  Heated  in  a  recurved 
ell  jar  to  a  red  heat  in  presence  of  an  excess  of  phosphorus 
apor,  the  pentafluoride  yields  no  tei*fluoride.  It  is  not  decora- 
38ed  by  sulphur  at  440  nor  by  iodine  at  500° ;  but  preserved 
I  glass  vessels,  it  attacks  the  glass  if  a  trace  of  moisture  be  pres- 
it,  forming  silicium  fluoride  and  phosphoryl  fluoride.  Thl  anal- 
sis  of  the  pentafluoride  was  effected  by  the  author  in  two  ways: 
.)  a  measured  volume  of  the  gas  was  absorbed  by  an  alkaline 
>lution,  the  filtered  solution  precipitated  by  molybdic  acid,  the 
recipitate  filtered  off*,  washed,  dissolved,  and  the  phosphoric  acid 
recipitated  as  ammonium-magnesium  phosphate.  (2)  the  alka- 
ne  solution,  after  absorbing  the  gas,  is  decanted  into  a  capsule, 
nd,  with  the  wash  waters,  is  evaporated  to  dryness  on  the  water 
ath  with  the  addition  of  a  little  pure  silica.  The  saline  residue 
I  treated  with  sulphuric  acid  and  evaporated  till  white  fumes  of 
^le  acid  appear.  After  cooling,  the  whole  is  diluted,  neutralized 
rith  ammonia  and  in  the  filtrate,  the  phosphoric  acid  is  deter- 
lined  as  ammonium-magnesium  phosphate. —  (7.  i?.,  ciii,  1257, 
)ec.,  1886.  G.  p.  B. 
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4.  On  Phosphorus  Tetroxide, — Thorpe  and  Tutton  have 
studied  the  products  obtained  by  the  slow  combustion  of  phos- 
phorus in  drv  air.  If  these  products  are  aspirated  through  glass 
tubes  heated  by  steam,  they  are  free  from  admixed  phosphorus. 
A  quantity  of  these  mixed  oxides  was  transferred  to  a  tune  pre- 
viously filled  with  dry  carbon  dioxide,  the  end  of  the  tube  was 
drawn  out,  attached  to  a  Sprengel  pump,  carefully  exhausted  and 
sealed.  On  heating  it  to  about  290°,  the  white  mass  appeared  to 
change ;  a  considerable  amount  of  the  orange-red  suboxide  was 
seen  to  form,  and  at  some  distance  beyond  was  a  sublimate  of 
clear,  transparent  and  highly  lustrous  crystals,  which  could  be 
heated  to  100°  without  change,  their  edgee  remaining  perfectly 
sharp.  On  heating  to  180°  in  a  sulphuric  acid  bath,  thev  volatil- 
ized and  re-condensed  just  above  the  level  of  the  acid.  They 
polarized  light  powerfully  and  are  probably  orthorhombic  in 
lorm.  The  crystals  are  extremely  deliquescent  and  are  dissolved 
instantly  by  water  with  considerable  evolution  of  heat,  forming 
an  acid  solution.  This  solution  precipitates  silver  nitrate  solu- 
tion, the  white  precipitate  blackening  rapidly.  It  also  reduces 
mercuric  to  mercurous  chloride,  but  decolorizes  permanganate 
only  very  slowly.  With  magnesia  mixture,  it  gives  at  once  a 
precipitate  of  ammonium-magnesium  phosphate ;  and  the  filtrate 
which  contains  magnesium  chloride  in  excess,  gives,  after  stand- 
ing for  some  time,  an  abundant  precipitate  of  phospho-molybdic 
acid.  Hence  this  solution  contains  both  phosphoric  and  phos- 
phorous acids.  To  fix  the  com[K>8ition  of  the  crystals,  weighed 
quantities  wore  allowed  to  deliquesce  in  the  air,  and  the  diluted 
solution  was  evaporated  with  nitric  acid,  the  phosphoric  acid  in 
it  Wing  determined  as  usual.  In  two  determinations  the  percen- 
tajjo  of  phosphorus  present,  was  49'09  and  49*46  ;  the  calculated 
value  for  1\0^  being  49-JO.  Hence  the  authors  think  the  new 
oxide  is  the  tetri^xide  corresj>onding  to  the  analogous  oxides  of 
uilrv^ijen  :uul  antimony.  The  molecular  weieht  however  is  vet  to 
be  obtained  by  means  of  a  vajK^r  density  determination. — J. 
Chtf*i.  S^H\,  xlix.  8;^3-S89,  IW.,  l^SC.  '  G.  F.  B. 

-5.  Of*  a  Ayt/m/tt/  :>ilu*iutn  pho^ihaU. — Hautkfkuillk  and 
M.\Ki;orrKr  have  obtained  a  cv>m^H^und,  having  the  formula 
Sil\ ,  \1\^\\  .  0^t^^\  ^^y  evajH^rating  a  solution  of  silica  in  phos- 
phoriv*  aoid  at  l'J5*.  Globular  spherical  concretions  are  formed 
consist mjj  ot  oonoentno  fones  of  prismatic  crystals,  which  polar- 
ise liijht  strongly.  Water  at  the  onlinary  temperature  decom- 
^Mses  the  now  Ihmv  into  phv^sphorio  acid  and  orelatinous  silica. — 

(\  A\,  oi\,  :vii->:,  Jau..  iss:.  "^  g.  f.  b, 

<^.  /V  y*-^r^i,:  o/  .U*\u^xi  Ha/^r.— Mr.  Gkosge  Max  has 
wado  a  r.ujnUr  v^:  ex^Hriuet^wS  utvni  this  subject  and  thus  sums 
up  the  o\|Hrj  nenia:  ixsuUs  :  ^; »  1::  a  thin  ic^  coating,  the  upper 
or  MuiKv  h,;i:r  v\ -lA.ns  IvArv.v  a  :raoe  ot  eliminateti  air,  while  its 
unaor  v^r  lv;;o:u  •  a.i  vo:,:a:;:.\l  O^w  cubic  inch  of  air  iu  each 
^s^una  o:  .vv,  ^:\  a  surfavv  cvvArlus:  of  ic^  H  inch  thick  con- 
taiiud   0  l^  .ulv.o  >,iKh  o:    a:r  iu  each    jK>und  weight,  while  an 
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Bntirely  frozen  mass  contained  0*59  cubic  inch  of  air  in  each 
pound  weight.  (3)  The  freezing  of  a  limited  body  of  water 
which  bad  first  been  frozen  over  and  the  surface  ice  removed, 
points  still  more  strikingly  to  the  concentration  of  air  in  solution ; 
tor  this  contained  0*89  cubic  inch  of  air  in  each  pound  weight, 
compared  with  0*15  cubic  inch  in  surface  ice,  and  0*59  cubic 
inch  in  an  entirely  frozen  mass. — Nature^  Feb.  3,  1887,  p.  326. 

J.  T. 

7.  Transmission  of  Electricity  of  feeble  tension  by  hot  air. — 
In  1853,  M.  Ed.  Becquerel  discovered  that  gases  of  a  high 
temperature  became  conductors  of  electricity  even  of  feeble 
electromotive  force.  M.  Blondlot  has  confirmed  the  results  of 
Becquerel.  With  an  electromotive  force  of  yuVir  ^^  *  Volt,  the 
transfer  of  electricity  took  place  when  the  gas  or  air  'attained  the 
temperature  of  red  heat.  Ohm's  law  does  not  seem  to  be  fulfilled 
by  this  phenomenon.  Hot  air  has  not  electrical  resistance  properly 
so-called.  The  author  believes  that  the  mechanism  of  the  trans- 
mission of  electricity  in  this  case  is  due  to  what  Faraday  termed 
convection  of  electricity. —  Comptes  Rendiis^  No.  5,  Jan.  31, 1887, 
p.  283.  J.  T. 

8.  Aperiodic  Electrometers. — M.  Ledeboer  brin^  the  needle 
of  a  quadrant  electrometer  quickly  to  rest  by  making  the  quad- 
rants of  steel  highly  magnetized.  The  movement  of  the  needle 
:>roduces  currents  of  induction  and  is  dampened  thereby.  The 
•uspension  is  unifilar. — Nature^  Feb.  3,  1887,  p.  331.  j.  t. 

0.  Earth  Currents. — At  a  meeting  of  the  Physical  Society 
leld  in  Berlin,  Dec.  3,  1886,  Dr.  Weinstein  gave  some  of  the 
^esults  of  his  observations  on  earth  currents  on  the  telegraph 
ines  of  the  German  £mpire.  The  earth's  currents  showed  a 
iaily  period  with  eight  fluctuations,  which  did  not  occur  through 
.be  whole  year  and  were  not  constant  in  direction.  These  fluctu- 
itions  were  least  in  the  morning  between  five  and  seven  o'clock. 
Fhe  earth's  current  showed  an  intimate  relation  to  the  earth's 
xiagnetism  and  especially  to  the  declination.  The  author  found 
30  relation  between  the  earth's  current  and  the  sun's  rotation, 
ind  also  doubted  the  relation  supposed  to  exist  between  the 
aarth  current  and  the  earth's  magnetism. — Nature^  Feb.  3,  1887, 
p.  336.  J.  T. 

10.  Photography  by  Phosphorescence. — In  a  recent  number  of 
the  Scientific  American,  Dr.  John  Vansant  gives  an  account  of 
some  experiments  by  him  in  taking  photographs  by  the  light 
radiated  from  a  phosphorescent  surface.  A  piece  of  paper  coated 
with  calcium  sulphide  and  covered  by  a  plate  in  which  several 
letters  were  cut  out,  was  exposed  to  the  sunlight  for  two  minutes. 
The  light  from  the  phosphorescent  surface  was  sufiiciently  strong 
to  make  an  image  of  the  letters  on  a  sheet  of  sensitive  paper, 
developed  in  the  usual  way.  A  similar  experiment  with  a  photo- 
graphic negative,  placed  upon  a  sheet  of  glass  covered  with  the 
calcium  sulphide  which  had  been  exposed  to  the  sun  several 
minutes,  gave  on  the  sensitive  paper  a  good  positive  picture  of 
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the  negative ;  this  was  developed  and  fixed  by  the  usual  pro- 
cesses.    £ven  when  an  interval  of  a  number  of  hours  had  elapsed 
after  the  exposure,  the  light  from  the  calcium  jiulphide  suitace     i 
was  still  intense  enough  to  produce  the  effects  described. 

11.  The  Coefficient  of  Viscosity  of  Air;  by  Hbrbsrt  Tomlin-  ^ 
SON. — In  the  previous  experiments  by  the  author  on  this  subject  .cJ 
the  coefficient  of  viscosity  of  air  was  determined  from  observa — . 
tions  of  the  logarithmic  decrement  of  amplitude  of  a  torsionally^ 
vibrating  wire,  the  lower  extremity  of  which  was  soldered  to  thc^^ 
center  of  a  horizontal  bar.  From  the  bar  were  suspended  verti-^ 
cally  and  at  equal  distances  from  the  wire  a  pair  of  cylinders,  or.^ 
a  pair  of  spheres.  The  distances  of  the  cylinders  or  spheres  froi^Er: 
the  wire  were  such  that  the  main  part  of  the  loss  of  energ;^  ^ 
resulting  from  the  friction  of  the  air  may  be  characterized 
being  due  to  the  pushing  of  the  air.  A  small  part,  however, 
the  whole  logarithmic  decrement  was  due  to  the  rotation  of  tl 
spheres  or  cylinders  about  their  axes,  and  Professor  Stokes  h: 
kindly  added  to  the  paper  a  note  in  which  arc  deduced  formuf 
which  serve  to  correct  for  this  effect  of  rotation. 

Acting  on  a  suggestion  of  Professor  Stokes,  the  author  p- 
ceeded  to  determine  the  coefficient  of  viscosity  of  air  by  suspec—^d- 
ing  a  hollow  paper  cylinder  about  2  feet  in  length  and  ^  foot»     in 
diameter,  so  that  its  axis  should  coincide  as  to  its  direction  w^:5ti) 
the  axis  of  rotation.     The  cylinder  was  supported  by  a  light  bi^o/- 
low  horizontal  bar,  about  7   inches  in  length,  to  the  center^    of 
which  the  vertically  suspended  wire  was  soldered.     The  wire  ^ivas 
set  in   torsional   vibration,  and   the  logarithmic  decrement  de^t^r- 
mined  with  the  same  precautions  as  before. 

The  mode  of  eliminating  the  effect  of  the  internal  friction  of 
the  metal  wire,  and  also  the  effect  of  the  air  on   the  ends  of  the 
cylinder,  is  fully  described  in  the  paper. 

The  following  were  the  results : — 

Vibration-period  Coefficient  of  viscosity      Temperature  in  degreea 

in  seconds.  of  air,  fi.  Centigrade. 

3-6038  0  00017708  12"225 

8-8056  0-00017783  13-075 

In  these  experiments  the  loss  of  energy  arising  from  the  frictio^ 
of  the  air  may  be  characterized  as  beintj  due  to  the  dragging  c^ 
the  air,  and  it  is  very  remarkable  that  there  should  be  such  clos^ 
agreement  in  the  values  of  /^  as  determined  by  this  and  the  pre^ 
vious  methods.     The  mean  value  of  the  coefficient  of  viscosity  o: 
air  obtained   by  this  method   is   0-00017746   at  a  temperature  o 
12-650°  C,  and   the   mean    value   deduced   from  the  previous  ex 
periments  when  proper  correction  has  been  made  for  the  rotatio 
of  the  spheres  and  cyliriders  about  their  axes  is  0*00017711  at 
temperature  of  11'79°  C.     The  above   values  of  /i  are  given 
C.G.S.  units. — Proc.  Roy.  Soc,  No.  248. 

12.  Note  on  Barus  and  IStrouhaVs  jyaper  on  the  Viscosity 
Steel;  by  W.  F.  Barrett,  Professor  of  Physics,  Royal  Colh 
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*  Science;  letter  dated  Dublin,  March  1, 1887. — In  Messrs.  Barus 
id  Strouhal's  paper  on  the  Viscosity  of  Steel,  published  in  the 
ftnuary  number  of  your  Journal,  the  authors  reier  (p.  35)  to  the 
u-ious  physical  changes  which  steel  undergoes  at  a  certain  criti- 
kl  temperature.  They  do  not  seem  to  be  aware  of  the  investiga- 
ons  I  have  published  on  the  ^'  Molecular  changes  that  accom- 
any  the  Magnetization  of  Iron  and  Steel,"  for  they  refer  to 
Baur"  (Wied.  Ann.,  1880)  the  disappearance  of  the  magnetic 
;ate  at  the  critical  temperature.  This  fact  they  will  find  noticed 
)  the  report  of  a  lecture  of  mine  at  the  London  Institution  on 
kpril  23,  1873,  published  in  the  Journal  of  that  institution  in 
uly,  1873  ;  it  was  also  mentioned  in  my  papers  in  the  Philo- 
ophical  Magazine  for  -December,  1873,  and  January,  1874. 
fessrs.  Barus  and  Stroufial  appear  also  to  have  overlooked  the 
urious  "  after-glow"  in  steel  wire,  a  discovery  I  made  in  Septpm- 
»er,  1873,  and  published  in  the  Philosophical  Magazine  for 
)Qceraber  of  that  year.  Perhaps  you  will  allow  me  to  state  the 
nain  points  in  that  paper,  which  are  as  follows  :  1.  Mr.  Gore,  in 
.869,  had  discovered  that  a  momentary  elongation  of  iron 
>ccurred  in  cooling  after  heating  a  wire  of  that  metal  to  a  white 
leat.  In  1872  I  found  a  similar  but  reverse  action  took  place 
D  heating  the  wire.  2.  This  anomalous  deportment  was  found 
)oth  in  heating  and  cooling  to  coincide  with,  on  the  one  hand  the 
OM,  and  on  the  other  with  the  resumption  of  the  magnetic  state 
>f  iron  or  steel.  3.  At  the  critical  temperature  the  wire,  having 
'.ooled  down  to  a  dull  red  heat,  suddenly  flashed  into  a  bright 
jlow;  likewise  during  the  heating  of  the  wire  the  temperajture 
remains  stationary  for  a  short  time  when  the  critical  temperature 
.8  reached  ;  a  rise  in  the  specific  heat  of  wire  and  steel  therefore 
>ccnrs  at  the  critical  temperature.  4.  A  curious  crepitation 
>ccurs  at  the  critical  temperature,  similar  to  that  heard  in  the 
nagnetization  of  iron,  or  in  the  production  of  the  scales  of  oxide 
)n  the  wire.  5.  Thermo-electric  inversion  occurs  at  this  same 
emperature.  6.  Hard  iron  wire  and  steel  wire  exhibit  the 
tbenomena  but  certain  specimens  of  good  soft  iron  failed  to  show 
t,  and  even  in  the  wires  that  exhibit  it  the  phenomenon  grows  less 
narked  after  repeated  heating  and  cooling  and  finally  disappear. 

To  these  observations  I  may  add  that  a  recent  investigation  on 
he  properties  of  manganese  steel  wire  (Proc.  lioyal  Dublin 
k)ciety,  December,  1886)  shows  that  this  body,  which  is  almost  a 
lOD-magnetic  metal,*  does  not  exhibit  the  anomalous  deport- 
aent  observed  in  ordinary  steel  wire.  This  fact  is  of  considerable 
Dterest  as  linking  the  foregoing  phenomena  more  closely  with 
.he  magnetic  state  of  iron  and  steel. 

In  conclusion,  permit  me  to  thank  Messrs.  Barus  and  Strouhal 
:br  their  very  carefully  conducted  and  admirably  devised  series 

*  In  the  paper  referred  to  I  have  ehown  that  if  the  magnetic  susceptibility  of 
iron  be  100,000,  that  of  manganese  steel  is  only  300,  about  the  same  as  ferric 
oxide. 
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of  experiments,  and  to  express  a  hope  that  they  will  continue  (k 
work  they  have  so  excellently  began,  stating,  I  hope  in  fatoR, 
somewhat  more  fnllj  the  conclnsions  deduced  from  their  formid- 
able tables  of  experimental  reshlts. 

II.   Geology  and  MiNERALoaY. 

1.  Eruption  of  Mauna  Loa^  Hawaii^  in  January. — ^The  re- 
cent eruption  of  Mauna  Loa  was  like  that  of  1868  in  being  pi«- 
ceded  by  many  earthquakes,  though  much  less  violent,  and  also 
in  having  its  principal  discharge  in  the  Kahuku  region,  Soathen 
Hawaii,  and  also  nearly  parallel  in  course,  but  situated  two  to 
four  miles  farther  west  and  starting  eight  to  ten  farther  north. 
The  information  here  mven  with  regard  to  it  is  froih  copies  of  the 
Pacific  Commercial  Advertiser  and  Hawaian  Gazette  of  Honolaln, 
received  from  the  Surveyor  General,  Mr.  W.  D.  Alexander,  and 
from  a  much  reduced  copy  (photographic)  of  a  large  map  of 
Hawaii  made  by  the  survey  which  has  just  gone  to  the  engraver. 

Mr.  D.  H.  Hitchcock  reports  that  from  early  in  December  last, 
earthquakes  steadily  increased  in  number  and  heaviness,  and 
averaged  three  a  day  by  the  12th  of  January.  In  Eahako, 
according  to  Mr.  George  Jones,  there  were  314  shocks  between 
2*»  12'  k,  M.  of  Jan.  17th  and  4»>  a.  m.  of  the  18th,  67  between  that 
time  and  midnight  and  3  the  following  day,  making  388  in  alL 
Ten  miles  west,  in  Hilea,  the  number  reported  by  Mr.  C.  N. 
Spencer  between  2  a.  m.  of  the  16th  and  7  p.  m.  of  the  18th  is 
618. 

With  the  sudden  increase  in  the  earthquakes  on  the  night  fol- 
lowing the  16th,  there  was  an  outbreak  of  fires  on  the  summit  of 
Mauna  Loa,  three  or  four  miles  northeast  of  the  crater,  near 
Pohaku  o  Hanalei ;  they  disappeared  after  a  few  hours.  Three 
hours  after  the  cessation  of  the  earthquakes  at  Kahuku,  at  7  a.  m., 
on  the  18th,  according  to  Mr.  Jones,  the  outflow  of  lavas  began 
in  Ktiu,  north  of  Kahuku,  or  was  first  known  to  be  in  progress. 
It  came  from  a  fissure,  the  highest  point  of  which  was  about 
6,500  feet  above  the  sea,  and  about  twenty  miles  from  its  termi- 
nus on  the  sea  coast,  which  it  reached  about  noon  of  the  19th, 
near  Puuhue,  nearly  four  miles  west  of  the  terminus  in  1868. 
Mr.  Spencer,  who  visited  the  point  of  chief  outflow  on  the  20th| 
says  that  there  were  fifteen  fountains  of  molten  lava,  the  highest 
one  rising  to  a  height  by  estimate  of  about  200  feet  The  stream 
flowed  off  bearing  bowlders  weighing  tons,  and  with  explosions 
at  intervals  sending  up  columns  of  smoke  sometimes  600  feet 
high.  He  states  that  during  the  first  24  hours  the  rate  of  floW 
was  only  a  mile  and  a  half  an  hour,  and  the  lava  field  made  was 
of  the  a-a  kind,  rough  clinkers ;  but  on  the  20th  the  flow  was 
rapid  and  the  lava  of  the  smooth  kind,  or  pahoehoe.  No  cinders 
or  volcanic  ashes  were  made  along  the  coast  or  elsewhere.  By 
noon  of  the  24th  the  flow  had  nearly  stopped,  though  the  fires 
were  still  active  along  the  stream  above.     Mr.  £.  S.  Bishop,  who 
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Bras  in  the  region  on  the  2d  of  February,  states  in  a  paper  in 
Science,  of  March  4th,  that  the  area  of  lava  was  mostly  of  the  a-a 
kind,  and  that  the  stream  extended  out  beyond  the  shores  300  to 
SOO  feet,  adding  much  to  the  island. 

On  the  2dd,  earthquakes  began  again  and  continued  through 
»he  24th.  They  were  heavy  enough  at  Kahuku  to  throw  over 
nralls  and  destroy  or  move  some  houses.  X>amage  was  done  also 
it  other  places  and  to  some  extent  at  Hilo,  where  a  heavy  shock 
vas  felt  near  noon  on  the  23d  and  many  others,  but  lighter,  on 
•hat  day  and  the  next. 

The  oscillations  at  Hilo  arc  stated  to  have  been  from  S.S.E.  to 
N'.N.W.  According  to  Mr.  F.  L.  Clarke,  of  the  Government  Sur- 
irey,  the  walls  that  fell  in  Eau  had  a  northeast  and  southwest 
lirection  and  were  thrown  to  the  southeast,  and  the  houses  (light 
pTOoden  buildings)  were  moved  8  or  10  inches  in  the  same  direc- 
tion or  down  the  slopes.  Mr.  Severin,  a  photographer,  accom- 
panied Mr.  Clarke  to  the  region  of  the  outflow  and  many  photo- 
graphs were  taken. 

A  "  heavy  cloud  of  smoke,  the  heaviest  ever  seen  there  [by  the 
nrriter]  was  resting  over  Mauna  Loa  all  day  Sunday  and  Monday, 
Jan.  2dd  and  24th  ;"  and  on  the  25th  the  sun  was  scarcely  visible 
on  account  of  the  smoky  atmosphere.  On  the  afternoon  of  that 
day  a  heavy  storm  of  thunder  and  rain  set  in. 

The  paper  of  the  2l8t  of  February  has  a  letter  from  Hilo, 
dated  February  17th,  announcing  that  at  8  a.  m.  of  that  day  a 
dense  volume  of  smoke  extended  from  the  summit  crater  eastward 
along  the  ridge  of  the  mountain  six  or  seven  miles  toward 
Kilauea,  apparently  indicating  a  summit  outflow  in  that  direction 
supplementing  that  in  Eau. 

The  Hawaian  Gazette  of  March  1st  states  that  Mr.  D.  W. 
Hitchcock  was  on  Mauna  Loa,  February  20th,  and  found  vapors 
issuing  from  large  Assures,  nearly  in  a  line  with  those  of  1880,  but 
no  lava  had  reached  the  surface.  Kilauea  has  been  moderately 
active  during  this  period  of  eruption,  rather  increasing  in  activity 
since  it  began,  but  without  any  show  of  special  disturbance  or 
synapathy. 

2.  Volcanic  Eruption  in  Niua-fu^  Friendly  Islands. — Earth- 
quakes began  at  Niua-fu  on  the  8th  of  June  last,  and  occurred  on 
the  11th,  nearly  cotemporaneously  with  the  New  Zealand  erup- 
tion ;  and  the  outbreak  occurred  on  the  31st  of  Aui^ust,  the  date 
of  the  Charleston  earthquake.  The  eruption  continued  for  ten 
days  and  the  chief  destruction  was  produced  by  the  finer  cinder 
ejections ;  the  stones  thrown  up  "  fell  straight,  or  nearly  straight, 
back."  Two  preceding  eruptions  occurred  19  and  40  years  ago. 
— JPVom  a  letter  of  Mr.  t\  Trotter^  F.R,G,S.,  in  Nature  of 
Dec.  9,  p.  127. 

The  volcanic  line  of  Central  New  Zealand  trends  about  N.  30** 
E.,  and,  if  followed  northward  wiih  a  small  variation  in  direction, 
it  passes  along  the  Kermadec  group  and  that  of  the  Tonga  or 
Friendly  Islands,  the  variation  being  to  N.  22"  E.  in  the  northern 

iljf.  Jour.  Sol-  Third  Sbries,  Vol.  XXXIII,  No.  196. — April,  1887. 
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part;  moreover  the  body  of  New  Zealand  conforms  in  trend. 
The  groups  of  ifllands  having  this  nearly  common  course  arc  parts 
of  a  great  mountain  system  of  the  ocean,  and  of  the  one  prom- 
inent system  in  the  Pacific  having  a  north-northeast  direction. 
The  length  is  1,500  miles,  reckoned  from  Central  New  Zealand, 
and  over  2,000  from  its  southern  end.  The  whole  line  may  be 
viewed  as  having  been,  at  the  beginning  and  since,  the  course  of  a 
series  of  fractures,  outflows  and  uplift,  and  in  an  important  sense, 
a  line  of  common  genetic  action  and  results.  It  is  not  improbable 
therefore  that  sympathy  should  appear  between  distant  parts  of 
the  line,  in  fractures,  earth-shocks  and  outflows. 

The  Friendly  Islands  and  Charleston  are  nearly  100  degrees 
of  longitude  apart,  and  50  degrees  of  latitude ;  and  the  approxi- 
mate parallelism  of  trend  in  the  mountain  system  of  Eastern 
America  and  that  of  the  New  Zealand  systt^m  in  the  Pacific,  is 
hardly  a  sufficient  reason  for  simultaneous  earth-movements,  unless 
the  earth  is  working  as  a  unit  in  its  geographi co-geological  devel- 
opment. J.  D.  D. 

:j.  The  Earthquake  in  Switzerland, — Professor  Fobbl,  the 
meteorologist,  of  Merges,  on  the  Lake  of  Geneva,  has  just  issued 
a  report  on  the  earthquake  of  February  23.  He  classifies  the 
shocks  under  three  heads — namely,  preparatorv  shocks,  strong 
shocks,  and  consecutive  shocks.  It  is  difficult,  m  the  absence  of 
trustworthy  data,  to  indicate  the  precise  locality  of  the  first- 
named,  but  Switzerland  was  undoubtedly  the  region  of  the 
second ;  but  it  was  to  the  third — that  is,  the  consecutive  shocks — 
that  all  the  mischief  was  due.  The  professor  traces  the  course  of 
the  phenomenon  in  Switzerland  over  a  radius  of  at  least  four 
hundred  square  miles.  Its  force  was  greater  in  the  southern 
parts  of  the  country  than  in  the  north,  though  the  shocks  were 
felt  throughout  Geneva,  Berne,  Neucliatel,  Fribourg,  Vaud, 
Valais,  and  Tessin;  and  observations  go  to  prove  that  these 
shocks  traveled  almost  due  north  and  south,  although  the  direc- 
tion of  the  oscillations  does  not  coincide  with  this  course.  The 
oscillations  in  Switzerland  were  characterized  by  their  number 
and  re])etitions.  In  some  localities  they  were  longitudinal ;  that 
is,  running  parallel  to  the  meridian;  in  others  they  were  trans- 
verse, running  or  flowing  from  east  to  west.  The  vertical  move- 
ments were  marked  by  their  feebleness  where  indicated,  but  in 
the  greater  part  of  the  territory  affected  vertical  oscillations  were 
entirely  absent.  One  of  the  peculiarities  of  the  oscillations  gen- 
erally was  the  length  of  duration,  which  is  set  down  as  varying 
from  10  to  30  seconds.  But  the  collected  reports  prove  that  the 
nriean  of  these  figures  more  nearly  represents  the  prevailing  dura- 
tion. The  intensity  of  the  shocks  was  greater  in  the  central  and 
southern  areas  of  the  disturbance,  and  it  would  seem  as  if  the 
shocks  only  just  failed  to  attain  the  necessary  strength  which 
would  have  produced  disastrous  effects.  As  it  was,  church  bells 
were  rung,  in  some  places  violently;  windows  were  rattled,  doors 
thrown  open,  ceilings  slightly  cracked,  and   morsels  of  plaster 
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were  brought  down,  and  here  and  there  stackB  of  wood  were 
thrown  over.  One  of  the  most  striking  features  of  the  phenome- 
non wa^  the  extraordinarily  large  number  of  clocks  tnat  were 
Instantly  stopped,  and  this  fact  has  afforded  the  best  possible 
means  of  determining  with  something  like  perfect  accuracy  the 
time  of  the  shocks,  which  varies  from  three  to  four  minutes  past 
six  in  the  morning,  Berne  time.  The  large  astronomical  clock  of 
the  Observatory  at  Basle  stopped  exactly  at  6h.  4m.  7s.  This, 
taken  as  representing  Berne  time,  corresponds  with  5h.  43m.  d5s. 
of  Paris,  5h.  55m.  4ds.  of  Marseilles,  6h.  dm.  2s.  of  Nice,  and  6h^ 
^4m.  3s.  of  Rome.  % 

The  consecutive  shocks,  which  were  responsible  for  all  the  loss 
of  life  and  damage  to  property,  were  centralized  in  the  region  of 
the  Riviera.  The  greatest  damage  was  done  by  the  first  two 
shocks,  which  occurred  with  an  interval  of  fifteen  minutes  between 
them.  The  reports  from  the  Swiss  observatories  also  show  that 
a  series  of  feebler  shocks  were  experienced  in  Switzerland  later  on 
in  the  same  day,  and  also  on  several  succeeding  days. — Nature^ 
March  10,  No.  906. 

4.  JEarthquakes  of  Andalusia  on  the  25th  of  December^  1884. 

(Atti  R.  Accad.  d.  Lincei,  iii,  Roma,  1886.) — Messrs.   T.  Tara- 

MBLLi  and.G.   Mercalli  have  made  a  thorough   study  of  the 

Andalusian  earthquakes  of  1884,  and  published  a  very  valuable 

memoir  on  the  subject,  illustrated  by  geological  and  seismic  maps. 

It  is  in  three  parts.     The  first  treating  of  the  orographic  and 

geological  constitution  of  Andalusia  and  the  Province  of  Almeria; 

the  second,  a  relation  of  the  facts  in  order  of  occurrence  and  the 

general  conclusions  from  these  and  those  of  other  earthquakes  in 

Spain;    the  third,  a  review  of  the  facts  with    reference  to  the 

isoseismic  zones,  the  position  and  form  of  the  seismic  vertical  or 

3picentrum,  the  velocity  of  propagation,  the  depth  of  the  centre, 

Dtensity  of  the  shocks,  the  dynamical  effects  as  exemplified  in  the 

toiidition  of  buildings  ;  also  the  consideration  of  the  subsequent 

hocks  until  January,  1886,  comparisons  with  those  of  other  seis- 

Dic  areas  of  the  Mediterranean  basin,  the  nature  and  cause  of  the 

Vndalnsian  earthquakes,  and  relation  to  other  volcanic  centers. 

In  the  second  part,  the  following  important  conclusions  are 
leduced : 

1.  Earthquakes  are  much  more  frequent  in  the  littoral  region 
.ban  in  the  interior  of  Spain,  and  more  frequent  in  the  southern 
;ban  in  the  northern. 

2.  The  topographic  and  chronological  distribution  of  the  eai-th- 
juakes  reveals  the  fact  that  there  are  several  localized  seismic 
centers  in  Spain,  distinct  and  independent  in  their  movements, 
^et  not  without  reciprocal  influence. 

3.  Considering  the  chronological  distribution  of  the  earthquakes 
in  the  different  Iberian  regions,  the  seismic  activity,  as  regards  its 
Dions  energetic  manifestations,  is  transferred  from  one  region  to 
another  at  long  intervals  of  time. 

4.  A  fact  very  characteristic  of  the  earthquakes  of  Southern 
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Spain  is  the  great  Dumber  of  minor  shocks  which  usually  follow,, 
and  which  at  times  also  precede  the  maximum  shock  of  each 
seismic  period ;  but  in  these  seismic  periods  the  position  of  the 
maximum  shock  of  the  period  yv\\\\  respect  to  the  others  is  not 
constant.  In  general  the  period  opens  with  the  maximum  shock, 
yet  with  some  preceding  small  shocks;  then  follow  many  minor 
shocks ;  then,  after  a  few  months,  a  second  seismic  period  com- 
mences in  the  same  area  which  begins  with  a  shock  that  is  even 
heavier  than  the  maximum  of  the  first  period  and  is  preceded 
sometimes  also  by  small  shocks. 

5.  Considering  the  chronological  distribution  of  earthquakes  in 
a  given  region,  or  in  the  whole  peninsula,  no  periodical  return  of 
the  maxima  is    made  out,  neither   decennial    nor  of  any  other 

{)eriod ;  but  there  is  a  certain  approximately  secular  return,  bisecu- 
ar  or  trisecular. 

6.  As  regards  the  seasons,  the  greater  number  of  earthquakes 
in  Spain  occur  in  the  autumn  and  winter,  as  compared  with  the 
summer  and  spring. 

The  able  discussion  leads  the  authors  to  the  following  general 
conclusions : 

llie  great  earthquake  of  1884  shook  an  area  not  volcanic,  but 
one  that  was  in  line  with  the  perimeter  of  the  Mediterranean 
basin,  with  the  volcanic  and  seismic  zone  of  Southern  Italy, 
Greece,  Asia  Minor,  etc.;  and  should  be  classified  therefore  with 
the  perimetric  earthquakes,  of  so  frequent  occurrence  in  Southern 
Italy.  The  seismic  movement  radiated  from  a  center  of  ellipsoidal 
form,  at  a  depth  of  12  or  13  kilometei-s,  and  was  thence  propa- 
gated in  the  earth's  crust  according  to  the  fundamental  laws  of 
molecuhir  movement  in  solids.  The  seismic  wave  was  deviated 
by  refraction,  and  especially  by  reflexion,  in  traversing  rocks  of 
different  density  and  elasticity. 

The  velocity  of  transmission  could  not  be  determined  ;  yet  it 
is  made  evident  that  in  all  directions  the  rate  was  less  than  the 
propagation  of  sound  in  die  earth's  crust. 

The  si'isniic  wave  was  propagated  most  easily  and  uniformly, 
and  with  relatively  less  destruction,  in  the  compact  crystalline 
rocks  of  the  Archaean  and  Paleozoic.  The  general  direction  of 
the  bedding  favors  transmission  of  the  seismic  movement  propa- 
gated parallel  to  it, and  is  an  obstacle  to  movement  in  a  transverse 
direction. 

The  seismic  movement  in  passing  from  the  more  compact  and 
relatively  elastic  Arch:ean  and  Paleozoic  rocks  to  a  region  of 
marls,  clays,  travertine  and  the  like  is  transformed  into  move- 
ment of  mass,  producing  more  disastrous  effects  the  less  the  com- 
pactness, continuity  and  homogeneity  of  the  superficial  beds. 

The  intensity  of  the  Andalusian  earthquakes  of  1884  at  the 
center  was  greater  than  that  of  the  Neapolitan  of  1867,  the 
iHcliian  of  IH8;J,  etc.;  hut  it  reached  the  surface  with  less  energy, 
producing  less  disastrous  effects  in  proportion  to  the  greater  depth 
of  the  center  and  the  greater  width  of  the  shaken  area.     Yet  the 
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lisastrous  effectB  became  somewhat  increased  in  the  mountainous 
lOUDtry,  owing  especially  to  the  miserable  construction  of  the 
leases  and  their  sites  on  the  edges  of  crumbling  precipices,  or  on 
teep  declivities. 

The  effects  at  the  surface  consisted  in  the  opening  of  cracks, 
clipping  of  the  surface  material,  especially  the  Tertiaiy  and  Qua- 
.ernary,  and  in  temporary  and  permanent  changes  of  level  up- 
ward and  downward. 

The  first  shock  was  preceded  and  accompanied  by  low  barome- 
tric pressure  and '  followed  by  abundant  rain,  with  lightning  and 
)thei*  atmospheric  electrical  phenomena. 

The  Andalusian  seismic  period,  begun  in  1884,  and  probably  not 
yret  ended,  is  referable  to  the  same  seismic  heat-center  which 
caused  the  disastrous  earthquakes  of  Malaga  in  1581  and  1680, 
for  these  were  wholly  similar  to  the  recent  earthquake  in  area 
and  center  of  movement. 

5.  HolocrystaUine  granitic  structure  in  eruptive  rocks  of  Ter- 
tiary age, — As  is  well  known,  the  age-classification  of  massive 
rocks  has,  within  the  last  few  years,  been  largely  invalidated  by 
the  discovery  of  several  localities  where  Tertiary  surface  rocks  of 
the  ordinary  type  pass  gradually  into  coarsely  crystalline,  grani- 
toid varieties  as  they  are  traced  downward.  The  "Nevadite  "  of 
(^on  Richthofen,  although  shown  by  Hague  and  Iddings  to  con- 
aiii  some  glassy  base,  is  essentially  a  granitoid  dacite.  The  in- 
estigations  of  Hague  and  Iddings  at  the  Comstock  lode;  of 
udd  on  the  tertiary  peridotites  and  gabbros  of  the  western  coast 
f  Scotland ;  and  of  Lotti  on  similar  rocks  in  northern  Italy,  con- 
lusively  prove  that  the  physical  conditions  under  which  a  rock 
lass  solidifies,  and  not  the  geological  time  of  its  solidification, 
etermine  its  structure.  Coarsely  granular  rocks  are  more  abund- 
nt  in  earlier  formations  because  their  superficial  equivalents  have 
een  removed  by  erosion,  while  in  the  younger  deposits  there  has 
een  no  time  for  this  and  hence  the  coarser  rocks  are  mostly  still 
eeply  buried.  Only  as  expressing  this  fact,  is  the  age  classifica- 
ion  of  massive  rocks  now  to  be  considered  as  useful. 

A  very  important  contribution  has  recently  been  made  to  this 
ateresting  subject  by  Professor  Alfred  Stelzner  of  Freiberg,  in 
is  newly  published  volume  on  the  Geology  of  the  Argentine 
Republic.  (Beitrage  zur  Geologic  und  Palaontologie  der  Argen- 
inischen  Republik.  1.  Geologischen  Theil.  4°.  Cassel  und  Ber- 
in,  1885,  pp.  1129,  with  a  colored  geological  map  and  three 
beets  of  profiles.)  This  work  contains  the  results  of  the  scientific 
jxpeditions  made  in  the  region  of  the  Andes  by  the  author  dur- 
ng  his  residence  as  professor  in  the  National  University  at 
Uordova,  between  the  years  1871  and  1874.  It  is  filled  with  val- 
lablc  observations  relating  to  all  the  geological  formations  en- 
countered and  contains  detailed  petrographical  descriptions  of 
he  massive  rocks.  It  is,  however,  to  the  contents  of  chapters 
cviii  and  xix  (pp.  198-213)  which  relate  to  the  Tertiary  Eruptive 
ilocks  with  a  granitic  habit,  that  it  is  desired  to  call  particular 
atention. 
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In  the  heart  of  the  South  American  Cordilleras,  almost  on  the 
boundary  between  Chili  and  the  Argentine  Republic,  northeast 
of  Santiago,  the  author  met  four  different  localities  where  typical 
granitic  and  diontic  rocks  occur  in  the  midst  of  the  prevailing 
andesitic  lavas,  tuffs  and  breccias.  One  of  these  is  in  the  San 
Antonio,  and  three  in  the  Juncal  valley,  which  penetrate  the 
mountains  in  a  northeastward  and  eastward  direction  from  San 
Felipe.  These  localities  were  seen  by  Darwin,  who  described  the 
rock  under  the  .name  of  ^*' andesitic  granite'*'*  in  his  Geological 
Observations  in  South  America.     (London,  1846.) 

Professor  Stelzner  concludes  that  from  a  purely  petrographical 
standpoint  these  rocks  are  totally  distinct  from  the  andesites,  and 
are  in  no  way  to  be  distinguished  from  the  most  typical  Arclisean 
granites  and  diorites.  From  a  study  of  their  field  relations,  how- 
ever, he  finds  that  they  are  undoubtedly  the  youngest  rocks  of 
the  region,  breaking  through  and  sending  apophyses  into  the 
andesite  tnffe  and  accompanying  sediments.  To  reconcile  these 
two  facts,  he  assumes  that  they  are  late-Mesozoic  or  Tertiary 
eruptive  masses  which  have  slowly  solidified  under  Conditions  of 
high  pressure  and  temperature.  Inasmuch  as  Darwin's  descrip- 
tions of  these  "  andesitic  rocks "  laid  specific  stress  upon  their 
recent  formation,  the  author  proposes  to  reserve  this  term  (Anden- 

festeine  "  for  granitic  rocks  of  tcrii.iry  age;  and  speaks  of  "  An- 
engranit"    (andesitic   granite),    **  Audensyenit "  (andesitic   sye- 
nite), "  Andendiorit "  (andesitic  diorite),  etc. 

Many  other  descriptions  are  quoted  from  Darwin,  StUbel,  E. 
Williams,  Clarence  Kins;  and  Zirkel,  which  indicate  the  occurrence 
of  similar  rocks  at  many  localities  in  the  Cordilleras  of  both 
North  and  South  America. 

In  urgins:  a  more  careful  examination  of  these  rocks  in  future, 
Professor  Stelzner  expresses  the  following  opinion,  with  which 
geologists  the  world  over  are  daily  becoming  more  and  more 
willing  to  agree.  "  Sie  (die  Andengesteine)  werden  uns,  wie  ich 
moincTseits  glaube,  immer  mehr  und  mehr  erkennen  lassen,  dass 
die  grossere  oder  geringere  Krystallinitat  eruptiver  Gestt'ine 
keini'swe^s,  wie  man  so  lange  und  so  hartnackig  behauptet  hat, 
von  diM*  Alter  der  letzteren  abhiingig  ist,  sondern  lediglich  von 
den  pbysikalisc'hen  Uinstanden,  unter  denen  die  mineralische 
Difforenzining   und   Erkaltung  der  gluthflttssigen   Magmen    vor 

Sicll  ging."  GEO.    H.    WILLIAMS. 

iS.  Report  for  1885,  Geological  Survef/  of  Canada;  A.  R.  C. 
Ski.wvn,  Director. — This  volume  contains  reports  of  much  valua- 
ble geological  work.  A  few  facts  are  here  cited.  Mr.  Selwyn 
states,  in  his  review  of  the  work  of  1885,  that  Mr.  Ells  has  been 
investigating  Quebec,  north  of  Vermont,  New  Hampshire  and 
Maine;  and  besides  mapping  the  Silurian  area,  which  in  part  iu- 
clucles  inetainorphie  rooks,  has  found,  froia  the  intimate  connection 
between  the  altered  Silurian  slates  and  associated  granites,  that 
the  granites  are,  **  as  in  New  Brunswick,  probably  Devonian." 

In  the  report  on  New  Brunswick,  by  Mr.  Chalmebs,  it  is  stated 
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;hat  the  marine  seashore  beds,  the  Leda  olay  and  the  overlying 
Saxicava  sand,  occur  around  the  Baie  des  Chalcurs  basin,  having 
\  maximum  thickness  above  thei  sea  level  west  of  Bathurst  harbor 
3f  125  to  136  feet  (75  +  60  or  60);  in  the  Restigouche  estuary,  the 
Saxicava  sand  is  150  feet  thick ;  and  in  St.  Ann  Settlement  the  sand 
reaches  an  elevation  of  150  to  175  feet.  In  the  Bay  of  Fuudy, 
the  same  two  strata  occur  nowhere  above  200  feet;  on  pp.  4ii, 
43,  6G,  a  list  of  the  fossils  is  given.  Mr.  Chalmers  also  treats  in 
detail  of  the  drift,  and  has  a  long  table  of  directions  of  glacial 
scratches. 

Mr.  George  M.  Dawson  has  a  preliminary  report  on  the 
Physical  and  Geological  Features  of  the  Rocky  Mountains  be- 
tween latitudes  49°  and  61^  30'  north  of  the  headwaters  of  the 
Missouri.  The  Rocky  Mountain  region,  or  the  Western  Cordil- 
lera belt,  becomes  narrowed  and  runs  to  the  56th  parallel  with  an 
average  width  of  about  400  miles.  It  comprises  four  parallel 
ranges,  (1)  the  Rocky  Mountains  proper,  (2)  the  Gold  ranges 
(next  west),  (3)  the  Coast  Range,  as  a  continuation  of  the  Cas- 
cade Mountains  of  Oregon  and  Washington  Territory  ;  (4)  the 
Island  Range  including  Vancouver  and  the  Queen  Charlotte 
Islands,  outside  of  which  the  ocean  bottom  sinks  rapidly  to 
ibyssal  depths.  Between  the  2d  and  3d  of  these  ranges  lies  the 
[nierior  Plateau  of  British  Columbia,  averaging  100  miles  in 
ridth,  and  3600  feet  in  mean  elevation  above  the  sea.  The  Rocky 
doantains  proper,  about  50  miles  wide,  and  N.N.W.  in  m'ean 
rend,  have  a  well-defined  valley  on  the  west,  occupied  by  the 
[Columbia,  Kootanie  and  other  rivers,  and  known  to  preserve  its 
reneral  direction  and  character  for  over  600  miles.  The  eastern 
>a8e  is  about  4360  feet  above  tide  level,  the  valley  on  the  west 
J450  feet.  The  Cretaceous  and  Laramie  rocks,  much  upturned  lor 
i  breadth  of  15  miles,  make  ihe  eastern  foot  hills.  The  rocks  of 
;be  range  are  folded  or  upturned  and  consist  chiefly  of  Cambrijin, 
Devonian  and  Carboniferous  strata ;  and  the  folding  in  some 
parts  continues  into  the  Cretaceous  on  the  east.  The  highest 
summits,  the  culminating  region  of  the  Rocky  Mountains,  nre 
fonnd  about  the  52d  parallel,  and  between  this  and  the  53d, 
Mount  Brown  and  Mount  Murchison  occur  with  reputed  alti- 
tudes of  16,000  and  13,500  feet.  These  are  a  few  facts  from 
the  earlier  part  of  Mr.  Dawson's  report. 

Mr.  Ch.  Hoffman  mentions  the  occurrence  at  Aldfield,  Pontiac 
Co.,Quebec,  of  the  mineral  molybdenite  in  large  crystals,  one  of  the 
less  perfect  weighing  very  nearly  2^  pounds,  and  a  very  perfect 
tabular  hexagonal  prism  measuring  five  centimeters  across,  or 
about  two  inches. 

7.  Mineral  Resources  of  the  United  States,  Calendar  year  1885. 
576  pp.  8vo.  Washington,  1886.  —  This  volume,  the  third  of 
the  series,  contains  like  its  predecessors,  a  large  amount  of  valu- 
able and  interesting  information  upon  the  mining  industries  of 
the  United  States.  The  preparation  of  the  volume  has  been  ac- 
complished in  part  by  Mr.  Albert  Williams,  Jr.,  the  former 
editor,  and  in  part  by  Mr.  David  T.  Day.     A  fourth  report  for 
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1886  is  promised  early  in  1687;  the  valae  of  the  scries  increases 
with  each  additional  volume  because  of  the  opportunity  thus 
offered  for  study  and  comparison  together  of  the  facts  presented 
in  the  succeeding  years. 

8.  Geological  Collections:  Mifieralogy ;  by  W.  O.  Crosby,  As- 
sistant. 184  pp.  Boston,  1886. — This  is  a  well  prepared  gnide 
to  the  mineralogical  collection  of  the  Boston  Society  of  Nataral 
History ;  the  general  chapters  forming  the  introduction  give  it 
something  more  than  a  local  interest  and  value. 

III.   Botany  and  Zoology. 

Botanical  Notks. — Entomophilons  Flowers  in  Arctic  regions. 
In  the  Botanisk  Tidsskri/l^  (with  its  French  title  of  Journal  de 
Botanique)y  published  by  the  Botanical  Society  of  Copenhagen 
(which  Journal  is  now  in  its  sixteenth  volume),  Professor  Warm- 
ing has  published  a  series  of  articles  mainly  concerning  the  adap- 
tations of  entomophilous  flowers  in  an  arctic  district  of  scanty 
insect  life.  His  interesting  biological  notes  are  illustrated  by 
figures  interspersed  in  the  letter  press,  and  the  whole  is  happily 
made  available  to  us  by  a  French  resume  of  the  Danish  text,  a 
most  commendable  feature.  These  papers  comprise  the  results  of 
Dr.  Warming's  observations  in  Greenland  in  the  summer  of  1884 
and  a  comparative  series  in  Arctic  Norway  in  1885.  Greenland 
is  very  poor  in  insects,  especially  of  insects  which  perform  an 
important  part  in  the  fertilisation  of  the  entomophilous  blossoms 
of  northern  regions  generally.  Dr.  Wanning  undertook  a  care- 
ful oompanitivo  study  o\'  these  northern  flowers,  to  learn  whether 
those  in  Greenland  were  ideniioal  in  floral  bit^logy  with  the  same 
sjHMries  in  Euro|H*.  In  many  no  difierenoes  were  found,  but  in 
not  a  few  tvrtain  nuvlifioations  wt'iv  detect e»i  in  the  Greenland 
flowers  which  r\Mulered  them  more  adapted  to  self-fertilization 
than  those  of  the  same  species  on  the  Euroj>ean  continent,  where 
the  appropriate  visiting  insects  are  more  abundant.  In  answer 
to  the  v^uesiion  whether  the  attractiveness  of  these  blossoms  for 
insects  remaiiud  unaltered  in  Greenland.  Dr.  Warming  is  able  to 
state  that  wi:h  :hriv  or  tVur  ex^^epiious,  the  nectar-secretions 
stv.r.e*i  not  to  be  triminisiitd :  but  that  the  odors  were  feebler, 
the  s;rc  of  coro'!;*  .e^s,  ar.d  the  colors  not  •^^  vivid  as  in  the  same 
species  OM  the  Cv*-  tivent.  As  the  e*.tomophi:ous  flowers  of  Green- 
lav.vl  w;\r.ifost  :r^  i:  v  rt  asod  adaptation  to  ><ir-ferlilization,  it  might 
ha\c  Ki  r.  ixjveted  that  the  di.ivxnis  or  |H>lygamous  tendency  of 
so:ne  vV'  tl  iv.\  woa'd  d'Scipivar.  b,u  ^:  prv^ved  not  to  be  so.  feut 
the  Saiices  weix^  ton*  .i  to  \v  rvmi^kably  fruitful,  and  it  seems 
thai  thc\  ha  J  lH\v::ie  a:umop'*:  .^^>. 

Kasv*ic\>  *>>  ai.d  ih^  v^!  :ho  f'.V**:  />r  »<i7*V/ijtwr  have  ap|>eared. 
In  the   Tonner   Pr,   Sv-h«:na'v.i  ^:vr>   the   Brazilian  TiUac^^w  sd 
/»\^»fri\iA  r.     In  the  x^;*'er  l^yv^i\-Wr  Co:zn:anx  cv^nlinues  the  ela 
\>raiion  of  tb^  larj^*  ^^rvler  M^^suc.     .ic?'>. 

Itt  \^J.  vis  INftrt^!^  of  llookerV  Kvnes  I^antamm,  issued  in  F^  |t 
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3.  WatBOD,  collected  in  Southern  California  by  the  Rev.  Mr. 
Kevin.  There  is  also  Anemone  Henryi^  of  Oliver,  from  Central 
Dhina,  a  true  Hepaticay  with  round-cordate  leaves  crenate-lobulate, 
[>nt  ye11ow*flowered.  The  ovaries  are  figured  with  a  terminal 
itigma ;  but  that  is  probably  not  quite  right. 

Sir  Joseph  Hooker  has  edited  and  brought  out  the  fifth  edition 
^f  that  most  popular  book,  Bentham's  Handbook  of  the  British 
Flora  (Reeve  &  Co.),  in  the  same  form  as  the  fourth,  but  con- 
densed into  rather  fewer  pages,  the  specific  names  and  characters 
being  brought  into  one  paragraph.  This  condensation  has  en- 
abled the  editor  to  incorporate  a  good  many  notes  and  needful 
alterations,  and  some  few  recently  added  species,  in  all  respects 
following  the  author's  lines.  Botanists  will  be  glad  to  have  this 
characteristic  work  kept  up. 

Professor  Volney  Rattan,  of  the  San  Francisco  High  School  for 
Girls,  has  brought  out  an  Analytical  Key  to  West  (Toast  Botany ^ 
"  containing  descriptions  of  sixteen  hundred  species  of  flowering 
plants,  growing  west  of  the  Sierra  Nevada  and  Cascade  crests, 
from  San  Diego  to  Puget  Sound,"  in  128  pages.  It  should  be 
helpful  to  students. 

Mr.  Thomas  Howell,  of  Arthur,  Oregon,  has  issued  a  Catalogue 
of  the  Kjiown  Plants  of  Oregon^  Washington  and  Idaho,  down 
to  and  including  the  Pteridophytes,  pp.  28,  8vo. 

Dr.  T.  F.  Wood  and  Gerald  McCarthy  have  brought  out  a 

Wilmington  Flora,  a  List  of  Plants  groioing  about  Wilmitigton^ 

JVorih  Carolina,  with  date  of  Flovsering,     A  map  of  the  county 

is  annexed.     It  is  published    by  the  Eiisha  Mitchell   Scientific 

Society.     The  district  is  of  peculiar  interest. 

The  California  State  Board  of  Forestry  has  issued  its  First 
Biennial  Report,  pp.  252,  with  maps.  There  are  reports  on  the 
forests  of  the  most  southern  counties,  by  the  chairman  of  the 
Hate  Board,  Mr.  Kinney ;  on  those  of  the  Sierra-district  farther 
lorth,  by  Mr.  Wagner;  on  the  trees  and  shrubs  of  San  Diego  Co., 
fcy  O.  R.  Orcutt;  and  a  detailed  and  important  one  on  the  Red- 
rood,  by  the  engineer,  Mr.  Vischer,  with  a  supplement  relating 
o  the  quantity  of  standing  timber  other  than  Redwood. 

r)r.  Arthur,  the  Botanist  to  the  New  York  Agricultural  Experi- 
Qent  Station,  communicates  his  Report  for  the  year  1885  and  also 
.bat  of  188T.  In  both  the  pear-blight  is  treated  at  large;  also 
.he  rotting  of  tomatoes,  of  cherries  and  plums,  the  plum-leaf  fun- 
gus, the  mildew  of  strawberries,  lettuce,  etc.,  and  several  illustra- 
Jons  are  given  in  the  letter  press;  those  of  the  earlier  report  are 
seat  and  well  printed. 

A  small  supplementary  fasciculus  now  completes  the  second 
volume  of  Dr.  Beccaris'  Malesia,  with  very  full  indexes  of  the 
two  volumes,  both  of  names  and  subjects. 

Sympetaleia,  Gray,  Proc.  Am.  Acad,  xii,  161,  is  an  anomalous 
gamopetalous  genus  of  Loasacese,  of  which  Dr.  Streets  collected 
Wk  solitary  specimen  in  Lower  California  at  Pulpito  Point.  As  it 
^as  published  in  the  same  year  with  the  first  volume  of  the 
Clenera  Plantarum  (1877),  it  was  not  there  taken  up,  and  conse- 
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qaently  does  not  appear  in  that  work.  So  Professor  Baillon  was 
not  aware  of  it  when,  in  January  last,  he  published  the  same 
singular  genus  (in  Bull.  Soc.  Linn.  Paris,  no.  82,  p.  660)  under 
the  name  of  Loasella^  with  some  interesting  remarks.  He  found 
a  specimen  in  the  Mexican  herbarium  of  M.  ThiebauU,  who  col- 
lected it  long  ago,  at  Guaymas,  which  is  on  the  Mexican  side  of 
the  Gulf  of  California,  almost  opposite  C^pe  Pulpito.  The  char- 
acters of  Syntpetaiem  anrea  are  exactly  those  of  Baillon's  liOiM'  # 
sella  rupestris^  except  th#t  the  corolla-iobes  of  the  latter  wire 
thought  to  be  '*  perhaps  valvate,"  whereas  we  found  them  to  be 
imbricate  in  the  bud. 

Index  to  Plant-Names, — It  is  generally  known  to  botanists  that 
Mr.  Darwin — wishing  to  supply  to  this  generation  an  advantage 
which  he  had  experienced  the  want  of  himself — provided  the  means 
of  prepanng  and  publishing,  under  the  superintendence  of  the  Di- 
rector of  Kew  Gardens,  a  new  and  complete  Index  of  Plianeroga- 
rnoua  Plant- Names.  The  formidable  task  has  been  assigned  to 
Mr.  Day  don- Jackson,  one  of  the  secretaries  of  the  Linnean  Society, 
who  is  particularly  well  versed  in  botanical  bibliography,  and  to 
a  riumher  of  assistants.  Their  work  was  commenced  five  years 
ago.  The  editor  now  publishes,  in  the  Journal  of  Botany,  British 
and  Foreign,  for  March,  the  first  portion  of  a  report  of  progress, 
in  which  the  plan  adopted  is  to  a  certain  extent  explained.  The 
work  was  at  fii*st  intended  to  be  a  kind  of  new  edition  of  Steudel's 
Nomenclator,  based  systematically  on  Bentham  and  Hooker's 
Genera  Plantarum ;  but  it  was  soon  determined  that  the  names 
should  be  followed  by  references,  and  that  in  other  respects  it 
would  have  to  be  constructed  upon  original  lines.  We  judge 
that  this  great  undertaking  has  been  most  carefully  planned  as  to 
system  and  details.  Two  or  three  condensed  extracts  from  this 
report  suffice  for  noting  certain  points. 

"Our  starting-point,  then,  is  the  publication  of  LinnsQusV  first 
edition  of  the  Systenia,  in  1735,  which  he  followed  up  by  the 
Genera,  ill  1737.  .  .  .  Where  Liiina3iis  ascribes  the  genus  to  an 
earlier  author,  we  say  'Tourn.  ex  Linn.,' etc.,  but  do  not  refer 
directly  to  pre-LiniKan  literature."     This  is  well. 

"The  first  edition  of  the  Species  Plantarum  was  issued  in  1753, 
and  that  we  must  regard  as  the  introduction  of  nomina  trivialia.'*'* 
So  we  shall  have  the  earlier  Linnean  species  cited  correctly,  and 
not  from  a  later  edition.     The  same,  no  doubt,  of  genera. 

"Robert  Brown  published  a  genus  as  HJleocharis,  which  Lesti- 
hedris  altered  to  Heleocharis,  as  more  accordant  with  the  Greek, 
an  alteration  adopted  by  many  subsequent  writers,  who  never- 
theless employ  Beauvois^s  OplismemiSy  which  is  equally  faulty, 
without  a  sign  of  reprobation."  Whatever  small  emendations 
of  a  name  may  be  allowed,  it  will  never  do  to  change  the  initial 
letter  for  the  sake  of  classicalness. 

*'  While  on  the  sabject  of  fixity  of  name,  I  would  remark  that 
our  practice  is  to  take  the  name  under  which  any  given  plant 
is  piaoed  in  its  troe  genus  as  the  name  to  be  kept  up,  even 
though  UM^^^I^Aifty  hay e  ignored  the  proper  rule  of  retaining 
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• 

the  specific  name  when  traDBposing  it  from  the  old  genus  to  the 
new,  when  at  least  that  name  is  not  already  in  the  genus  receiv- 
ing the  accession.  Wantonly  to  set  aside  the  joint  name  thus 
given,  and  to  publish  a  new  name  by  joining  the  oldest  specific 
to  the  true  generic,  is  a  mischievous  practice  which  should  never 
be  condoned  ;  it  is  adding  to  the  already  vast  mass  of  useless 
synonyms,  and  is  more  likely  the  ofispring  of  vanity  than  of  a 
sincere  desire  to  promote  science."  This  is  putting  the  case  a 
little  more  decidedly  than  Bentham  did,  but  not  too  strongly; 
for  it  follows  implicitly  from  the  principle  of  the  accepted  rules. 

The  re-paging  of  separate  memoirs  extracted  or  reprinted  from 
serial  or  other  works  is  justly  deprecated;  and  the  American 
Academy  of  Arts  and  Sciences  is  mentioned  as  an  example  to  be 
followed.  This  Academy  absolutely  forbids  all  tampering  with 
the  original  pagination.  a.  g. 

2.    Gilded  Chrysalides;  by  Edward  B.  Poulton,  Esq.     (Roy. 
Inst.  Gt.  Britain.)^Mr.  T.  W.  Wood  in  1867  published  thcj  obser- 
vation that  certain  pupse  (Pieris  brassicm^  P.  rapcBy  Ac.)  resemble 
in  color  the  surface  on  which  they  are  found.     Although  this 
was  disputed  by  some  naturalists,  it  was  confirmed  by  Mr.  A.  6. 
Butler  and  Prof.  Meldola.     In  1874  Mrs.  M.  E  Barber  published 
some  very  striking  observations    on  the  colors  of  the  pupa  of 
Papilio    nireus   (South  Africa)    confirmation   being   afterwards 
afiforded  bv  Mr.  Trimen,  from  the  case  of  PapUio  demoleus.     Dr. 
Fritz   Mtlller,  however,  shows    that   Papilio  polydamus  is  not 
sensitive   to    surrounding  colors.       The   observations   were  ex- 
plained by  supposing  the  moist  skin  of  the  freshly  formed  pupa 
to  be  "photographically  sensitive"  to  the  color  of  surrounding 
surfaces  ;  but  Prof.  Meldola  pointed  out  that  there  can  be  no  real 
analogy  with  photography.     Furthermore,  many  pupie  are  formed 
at  night  when  the  surrounding  surfaces  are  dark.     The  present 
investigation  was  undertaken  with  the  belief  that  the  influence 
would  be  found  to  work  upon  the  larva  as  it  rests  upon  some 
colored  surface  before  pupation. 

L  ^Experiments  upon  Vanessa  lo. — This  pupa  appears  in  two 
varieties,  being  commonly  dark  gray  and  much  more  rarelj^  yel- 
lowish-green. Six  larvae  placed  in  a  glass  cylinder  covered  with 
green  tissue  paper,  produced  six  green  pupoe;  one  of  these  trans- 
ferred to  a  olack  surface  while  still  moist  and  fresh,  became  a 
green  pupa  precisely  like  the  others. 

II.  Experiments  upon  Vanessa  urticce, — The  pupse  have  no 
green  form,  but  appear  in  many  shades  of  dark  gray,  the  lighter 
ones  having  golden  spots  on  them,  while  the  extreme  forms  are 
almost  covered  with  the  golden  appearance.  These  latter  are 
very  rarely  seen  in  nature,  except  when  the  pupa  is  diseased. 
Over  700  pupfle  were  obtained  in  the  following  experiments  : — 

(1.)  Effects  of  Colors. —  Green  Sind  orange  surroundings  caused 
DO  effect  on  the  pupal  colors ;  black  produced,  as  a  rule,  dark 
pupsB ;  white  produced  light  pupae,  many  of  them  being  brilliantly 
golden.     This  last  result  suggested  the  use  of  gilt  surroundings, 


822  Sdentijic  IfUeUigenoe. 

which  were  found  to  be  more  efficient  than  white,  and  prodaced 
pupaB  with  a  color  which  even  more  resembled  eold. 

(2.)  Mutual  Proximity, — The  larvee  being  dark,  it  was  foand 
that  when  many  of  them  became  pnpaB  on  a  hmited  (white  or  gilt) 
area,  the  papas  were  darker  than  when  they  had  been  more  iso- 
lated. The  colors  of  each  were  in  fact  affected  by  that  part  of 
the  surroandings  made  up  by  the  black  skins  of  its  neighbors. 

(3.)    Illumination.  —  Black     surroundings     produced    rather ' 
stronger  effects  in  darkness   than  in  light,  but  the  pupas  were 
dark  in  both  cases. 

(4.)  Time  of  Susceptibility , — The  mature  larvsB,  after  oeasing 
to  feed,  wander  (stage  i)  until  they  find  a  surface  on  which  to 

Supate ;  they  then  rest  upon  it  (stage  ii),  and  finally  hang,  head 
ownward,  suspended  by  their  last  pair  of  claspers  (stage  iii),  in 
which  position  pupation  takes  place.  Stage  i  is  variable  in 
length,  stage  ii  may  be  estimated  at  15  hours  (but  it  is  also 
variable),  while  sta^e  iii  is  fairly  constant,  and  lasts  about  18 
hours;  while  the  whole  period  is- commonly  about  86  hours  in 
length.  The  larvae  are  probably  affected  by  surrounding  colors 
for  about  20  hours,  before  the  last  12  hours  of  the  whole  period, 
and  in  this  time  the  pupal  colors  are  determined.  These  facts 
were  discovered  by  a  very  large  number  of  experiments,  in  which 
larvae  were  placed  in  surroundings  of  one  color,  and  then  after  a 
variable  time  were  transferred  to  another  color  producing  an 
opposite  effect.  It  was  thus  found  that  stage  ii  is  more  sensitive 
than  stage  iii,  although  there  is  some  susceptibility  during  the 
latter  stage*. 

(5.)   The  Part  of  the  TxirvcB  which  is  Sensitive  to  Color, 

((x)  Tfie  Ocelli, — The  most  obvious,  suggestion  was  that  the 
larval  eyes  (or  ocelli,  six  on  each  side  ol  the  head)  saw  the  col- 
ors, and  being  influenced,  transmitted  an  impulse  to  the  nervous  ^ 
centres  which  regulate  the  formation  of  the  pupal  colors.  When,  , 
however,  these  organs  were  covered  with  black  varnish,  the  pupae  ^ 
resembled  surrounding  surfaces  to  the  same  extent  as  when  they  ^ 
were  produced  from  normal  larvie. 

(0)   The  Comple.r  Brayichiug  Spines, — It  seemed  possible  that 
these  structures  might  contain  some  organ  which  was  influence< 
by  the  color,  but  after  cutting  them  off,  the  larvae  remained  nor--^ 
mally  sensitive. 

{y)    The    General   Surface  of  the  Skin, — This  was  tested   b; 
conflicting  color  experiments.      It    had   been    previously  showi 
that  the  larvje  were*  sensitive  during  stage  iii,  and  therefore  the; 
were  covered  in  this  stage  with  corapartmented   tubes,  so  con 
structed  that  the  head  and  anterior  part  of  the  body  hung  in  th  ^ 
lower  chamber  of  one  color,  while  the  posterior  part  of  the  bod^^ 
was  in  the  upper  chamber  in  another  color.     In  another  methodt, 
the  larvae  were  hung  ujjon  a  vertical   surface,  while  the  head  find 
front  part  of  the  body  passed  through  a  hole  in  a  shelf,  the  verti- 
cal surface  above  the  shelf,  and  the  upper  side  of  the  shelf  itse/f 
being  one  color,  while  the  vertical   surface  below  the  shelf  and 
the  lower  side  of  the  shelf  were  of  the  color  tending  to  produce 
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the  most  opposite  effects.  The  resalt  of  all  these  experiments  was 
to  show  that  the  color  influence  does  act  on  some  element  of  the 
larval  skin,  and  that  the  larger  the  area  of  skin  exposed  to  any 
one  color  the  more  does  the  pupa  follow  its  influence.  Parti- 
colored pupae  were  not  obtained,  thus  probably  pointing  toward 
the  action  of  the  nervous  system  rather  than  toward  the  direct 
action  of  light  on  or  through  the  skin  itself. 

(6.)  The  Nature  of  the  effects  produced. — ^The  coloring  mat- 
ter of  the  dark  pupSB  is  contained  in  a  thin  superficial  layer  of  the 
cuticle;  below  this  is  a  thicker  layer  divided  into  exceedingly 
delicate  lamellae  between  which  fluids  are  present,  and  the  latter 
form  the  thin  plates  which,  by  causing  interference  of  light,  pro- 
d^ce  the  brilliant  metallic  appearance.  The  thinner  upper  layer 
being  dark,  acts  as  a  screen  in  the  dark  pupae.  Precisely  the 
same  metallic  ap|)earances  are  caused  by  the  films  of  air  between 
the  thin  plates  of  glass  which  are  formed  on  the  surface  of  bottles 
long  exposed  to  earth  and  moisture.  Both  have  the  same  spec- 
troscopic characters  and  the  same  transmitted  colors  (comple- 
mentary to  those  seen  by  reflection).  The  brilliancy  of  the  cuticle 
can  be  preserved  in  spirit  for  any  length  of  time ;  it  disappears 
on  drying,  but  can  be  renewed  on  wetting  (this  had  been  pre- 
viously known),  and  the  colors  are  seen  to  change  during  the 
process  of  diying,  and  when  the  cuticle  is  pressed,  for  the  films 
are  thus  made  thinner.  The  same  lamellated  layer  exists  in  non- 
metallic  pupae,  and  is  used  as  a  reflector  for  transparent  coloring 
matter  contained  in  its  outer  lamellae.  Thus  the  structure  which 
rendered  possible  the  brilliant  effects  due  to  interference,  probably 
existed  long  before  these  special  effects  were  obtained,  and  was 
used  for  a  different  purpose. 

(7.)  The  Biological  Value  of  the  Gilded  Appearance. — It  is 
probable  that  the  gilded  pupae  of  Vanessidae  resemble  glittering 
minerals  such  as  mica  (which  is  very  common  in  many  places) ; 
their  shape  is  very  angular,  and  like  that  of  minerals:  conversely 
the  gray  pupae  resemble  gray  and  weathered  rock-surfaces,  and  the 
two  conditions  of  rock  would  themselves  act  as  a  stimulus  for  the 
production  «)f  pupae  of  corresponding  color.  The  power  was 
probably  gained  in  some  dry  hot  country,  where  mineral  surfaces 
do  not  weather  quickly.  Once  formed  it  may  be  used  for  other 
purposes,  and  in  certain  species  is  probably  a  warning  to  the 
enemies  that  the  insect  is  inedible.  It  is  interesting  to  note  how 
the  Vanessidae,  primarily  colored  so  as  to  resemble  mineral  sur- 
roundings, are  modified  for  pupation  on  plants.  Thus  Vanessa 
lo  has  a  green  form  which  is  produced  among  leaves  ;  V.  atalanta 
has  no  green  form,  and  spina  together  the  leaves  for  concealment, 
but  both  these  species  commonly  pupate  freely  exposed  on  mineral 
surfaces ;  V.  urticce  has  neither  the  green  form  nor  the  habit,  and 
it  has  a  strong  disinclination  to  pupate  on  its  food  plant,  as  many 
observations  concurred  in  proving. 

III.  Bxperiments  upoji  Vanessa  atalanta. — This  species  was 
also  made  brilliantly  golden  or  dark-colored  by  the  use  of  appro- 
priate sarroandings  in  the  larval  condition. 
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IV.  Experiments  upon  Papilio  machaon. — This  species,  like  P. 
polydamxts  (Fritz  Mtlller)  has  no  power  of  being  inflnenced  b? 
surrounding  colors.  A  brown  pupa  was  obtained  on  the  fooa- 
plant,  and  many  green  ones  upon  brown  twigs,  &o.  It  is  proba- 
Die  that  less  healthy  and  smaller  larvae  often  produce  the  brown 
form,  just  as  diseased  Vanessa  larvee  produce  gilded  pupse. 

V.  Experiments  upon  Pieris  brassicce  and  P.  rapes. 

(1.)  Effects  of  Colors. — Black  produced  dark  pupae,  and  the 

freater  the  illumination  the  darker  the  pupsd  (P.rapcp)^  this  result 
eing  the  reverse  of  that  obtained  with  V.  urticcs;  white  produced 
light  pupae,  and  the  greater  the  illumination  the  lighter  the  papae 
(P.  rapes)  \  dark  red  {P.  brassiccs)  produced  dark  pupae;  deep 
orange^  in  both  species,  produced  very  light  pupae  of  a  green  col- 
or ;  paie  yellow  and  yeUoxoish-green  produced  rather  darker  pups 
than  the  orange ;  bluishrgreen  produced  much  darker  pupae,  while 
dark  blue  produced  still  darker  pupae  (P.  rapes  only).  Hence 
there  is  a  remarkable  and  sudden  tall,  followed  by  a  slow  and 
gradual  rise  in  the  amount  of  pigment  formed  as  the  light  from 
various  parts  of  the  spectrum  from  red  to  blue  predominates  in 
the  reflected  rays  which  fall  on  the  larval  surface.  But  their 
effects  on  the  formation  of  superficially  placed  dark  pigment  are 
accompanied  by  changes  affecting  the  formation  of  greens  and 
yellows,  <&c.,  in  the  deeper  subcuticular  tissues.  Hence  the  re- 
sults of  any  given  stimulus  are  exceedingly  complicated. 

(2.)  Other  Experiments, — It  was  shown  by  the  method  de- 
scribed above  that  the  ocelli  are  not  sensitive  in  this  species,  and 
by  similar  transference  experiments  it  was  proved  that  the  in- 
fluence acts  on  the  larva  and  not  on  the  pupa  itself. 

VI.  ExperimefUs  upon  Ephyra  pendularia. — In  this  genus  of 
moths  the  exposed  pupae  are  often  green  and  brown  in  different 
individuals,  but  these  colors  follow  the  corresponding  tints  of 
the  larvae,  and  theretore  cannot  be  infiuenced  unless  the  latter 
themselv^  were  changed,  and  such  susceptibility  in  the  larval 
state  has  not  been  proved  for  this  genus.  This  is  the  only  known 
instance  of  a  constant  relation  between  the  larval  and  pupal 
colors. 

VII.  Experiments  upon  the  Cocoon  of  Saturnia  carpini. — It 
was  found  that  the  larvae  spin  dark  cocoons  in  black  surroundings, 
but  white  ones  in  lighter  surroundings. 

IV.  Astronomy  and  Mathematics. 

1.  The  form  of  the  area  in  the  heavens  from  tchi^h  the  Meteors 
of  Nov,  27,  1886,  appeared  to  radiate, — Mr.  Ranyard  in  the 
Monthly  Notices  of  the  R.  Ast.  Soc.  has  discussed  the  evidence 
from  observations  by  himself,  Captain  Tupman,  Professor  Young, 
M.  Perrotin,  and  M.  Thallon  concluding  that  "there  therefore 
appears  to  be  some  very  definite  evidence  that  the  paths  of  these 
meteors  did  radiate  from  an  elongated  area  with  its  axis  north 
and  south."  Mr.  .Ranyard  further  says,  "  in  order  to  account  for 
the  elliptic  area,  on  the  assumption  that  the  deflection  from  the 
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Drigina!  path  takes  place  within  the  earth'ls  atmosphere,  it  is 
aecessary  to  find  some  caase  which  would  account  for  the  deflec- 
tion being  greater  in  one  plane  than  in  the  direction  at  right 
ingles  to  It.  This  would  be  the  case  if  there  were  some  arrange- 
ment of  the  particles  in  space  which  caused  them  to  set  them- 
selves with  their  longer  axes  north  and  south.  1  would  suggest 
that  if  the  particles  are  magnetic  they  would,  on  coming  up  to 
ihe  earth,  tend  to  arrange  themselves  with  their  longer  axes 
parallel  to  the  earth^s  magnetic  axis.^ 

2.  The  Boyden  Fund, — By  the  will  of  the  late  Uriah  A.  Boy- 
OKK,  propi*rty,  the  present  value  of  which  exceeds  two  hundred 
ind  thirty  thousand  dollars,  was  left  in  trust  for  the  purpose  of 
BMtronomical  research  '^  at  such  an  elevation  as  to  be  free,  so  far 
fts  practicable,  from  the  impediments  to  accurate  observations 
which  occur  in  the  observatories  now  existing,  owin^  to  atmos- 
pheric influentkes.'' 

The  Trustees  of  this  fund  have  transferred  the  property  to  the 
President  and  Fellows  of  Harvard  College,  in  order  that  the 
researches  proposed  by  Mr.  Boyden  may  be  directed  at  the 
Sarvard  College  Observatory.  These  researches  will  be  sup- 
ported by  a  portion  of  the  means  of  the  Observatory,  in  addition 
to  the  trust  fund  itself.  Professor  Pickering  has  issued  a  circular 
requesting  information  with  regard  to  the  altitude,  accessibility, 
and  climate  of  various  mountainous  regions  which  might  natu- 
rally be  selected  as  suitable  places  for  the  proposed  observations. 

A  location  in  the  southern  hemisphere  will  be  preferable  for 
I'arious  reasons.  The  southern  stars  invisible  in  Europe  and  the 
LTnited  States  have  been  less  observed  than  the  northern  stars, 
ind  by  the  aid  of  a  southern  station  the  investigations  undertaken 
it  Cambridge  can  be  extended  upon  a  uniform  system  to  all  parts 
)f  the  sky. 

3.  A  iVeatise  on  Algebra  ;  by  Professors  Olivkb,  Wait  and 
FoNES,  of  Cornell  University. — This  work  was  undertaken  as  a 
;ext  book,  and  was  developed,  as  the  authors  inform  us  in  the 
preface,  with  the  wants  of  their  classes  ever  before  them.  But  it 
ajrew  beyond  a  manual ;  it  is  a  treatise.  It  departs  from  the  tra- 
iitional  forms  of  development  of  algebra  in  the  arrangement  of 
the  subject,  in  the  notations  employed,  in  the  forms  of  demonstra- 
tion, and  by  introducing  at  an  early  stage  the  extensions  of  mean- 
ing of  terms  and  processes  required  in  higher  algebra. 

Experience  in  the  class-room  will  show  whether  selections  from 
this  original  and  thoughtful  work  can  be  successfully  used  in 
elementary  teaching.  But  the  advanced  student  and  the  teacher 
will  surely  iind  in  it  an  abundance  of  helpful  ideas  and  methods. 
There  is  one  serious  deficiency,  it  has  no  alphabetic  index. 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  Scientific  Writings  of  Joseph  Henry,  Vols,  i  and  ii,  pp. 
528  and  550  large  8vo.  Washington,  1886.  Published  by  the 
Smithsonian  Institution. — The  contributions  to  science  by  Profeii- 
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8or  Henry,  extending  as  they  did  over  more  than  half  b  century, 
played  so  important  a  part  in-  the  development  of  science  in  this 
country  that  it  is  well,  alike  for  the  reputation  of  their  author  as 
for  the  interests  of  the  worker  of  to-day  in  the  same  fields,  that 
they  should  be  collected  and  given  to  the  world  in  convenient 
form.     This  is  especially  true  in  view  of  the  fact  that  the  original 
papers  wete  much  scattered  and  many  of  them  are  now  hardly 
accessible.     The  collection  is  published  by  the  Institution  of  which 
he  was  Director  for  nK)re  than  thirty  years,  and  to  which  he  devoted 
a'  large  part  of  his  life's  energies.     The  first  volume  contains  the 
greater  part  of  the  papers  on  physical  subjects,  extending  from 
1824  to  1855,  with  also  the  acoustical  researches  of  1874  to  1877. 
The  second   volume  is  largely  occupied   with  the  more  popular 
Meteorological   Essays,  with  also  papers  on  some  other  kindred 
subjects ;  the  volume  closes  with   the  addresses  to  the  National 
Academy  of  Sciences  in  April,  1878.     The  life  of  Professor  Henry 
was  conspicuously  active  and  productive,  and  his  original  con- 
tributions to  Physical  Science,  particularly  in  the  branch  of  elec- 
tro-magnetism, have  given  him  a  place  he  will  always  hold  in  the 
foremost  rank  of  American  workers. 

2.  77ie  American  Naturalist, — The  American  Naturalist  will 
be  in  future  published  by  the  house  of  J.  B.  Lippincott  &  Co.  of 
Philadelphia,  under  a  slight  change  of  editorial  management 
Dr.  Packard  retires,  and  Dr.  J.  S.  Kingsley  becomes  with  Profes- 
sor Cope  assistant  editor-in-chief.  The  remainder  of  the  editorial 
corps  continues  as  before,  excepting  the  addition  of  Professor  J. 
H.  Comstock  of  Cornell  University,  who  will  have  charge  of  the 
Entomological  Department.  As  stated  on  its  title-page  it  is  "  A 
Monthly  Journal  devoted  to  the  Natural  Sciences  in  their  widest 
sense,"  and,  we  add,  value  to  all  interested  in  its  departments. 

3.  Van  NostraucTs  Science  Series. — Recent  issues  of  this  series 
are  No.  90,  Analysis  of  Rotary  Motion  as  applied  to  the  Gyro — 
scope  by  Major  J.  G.  Barnard,  a  reprint  of  the  well-known  papeir^  ^^ 

first   publislied   in    1858  in  the  Journal  of  Education.     Also,  No '^=^- 

91,  Levelino^,  barometric,  trigonometric  and  spirit  by  Ira  O.  Bakery  ; 
this  gives  a  clear  and  simple  statement  of  the  methods  applie^E:**^ 
to  the  determination  of  altitudes. 

OBITUABY. 

John  Artfiuu  Phillips,  F.R.S. — Mr.  Phillips,  the  distinguishe 
author  of  works  on   Ores,  Mining  and  Metallurgy  and  of  paper^^ 
on  petrography,  died  on   tlie  5tli   of  January,  in   his   60th    year*- 
He  was  entjaged,  at  the  time  of  his  death,  on  a  new  edition  of  hi^ 
work  on  "  Metallurgy,"  in  conjunction   with  Mr.   Bauerman.     1*7 
connection  with  his  study  of  gold   deposits  he  visited   the  golc/ 
regions  of  California  in  1861  when  he  made  observations  of  mucb 
intertfst  on  the  formation  of  veins.     "  Nature,"  of  January  13tb, 
closes  a  notice  of  Mr.  Piiillips  with  the  words  :  "  He  was  a  large- 
hearted  and  open-handed  man,  fond  of  taking  every  chance  that 
came  in  his  way  of  doing  a  good   deed  and   helping  any  one  to 
whom  his  help  could  be  of  service." 
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Article  XXXV. — American  Jurassic  Mammals ;  by  Pro- 
fessor O.  C.  Marsh.    (With  Plates  VII,  VIII,  IX,  and  X.) 

In  previous  numbers  of  this  Journal,  the  writer  has 
announced  the  discovery  of  Jurassic  Mammals  in  this  country, 
and  has  given  brief  descriptions  of  the  more  important  forms 
brought  to  light.*  Since  the  last  article  on  this  subject,  a 
large  amount  of  new  material  has  been  secured,  including  rep- 
resentatives of  several  hundred  individuals.  The  remains  con- 
sist not  of  lower  jaws  alone,  but  of  various  portions  of  the 
skull,  and  not  a  few  vertebrae,  limb  bones,  and  other  parts  of 
the  skeleton. 

.  These  fossils,  although  fragmentary,  are  usually  well  pre- 
served, but  owing  to  the  peculiar  conditions  under  which  tney 
were  entombed,  no  two  bones  of  the  skeleton  are  as  a  rule 
found  together.  This  fact,  taken  in  connection  with  the  verv 
diminutive  size  of  the  animals  themselves,  and  especially  with 
the  present  brittle  nature  of  the  teeth  and  jaws,  has  rendered 
their  investigation  a  work  of  great  diflBculty.  The  importance 
of  the  subject,  however,  and  the  fact  that  all  the  known  re- 
mains of  mammals  from  the  Jurassic  of  this  country  are  in  the 
collection  made  by  the  writer,  have  led  to  a  careful  study  of  the 
whole  material,  and  the  results  will  be  brought  together  in  a 
Memoir  now  in  preparation  for  the  United  States  Geological 
Survey. 

Some  of  the  results  of  this  investigation,  and  notices  of 
several  new  forms  recently  discovered,  are  given  below  in  the 
present  article. 

♦  This  Journal,  vol.  xv,  p.  459,  1878;  vol.  xviii,  pp.  60,  215,  and  H96,  1879  ; 
vol.  zz,  p.  235,  1880;  and  vol.  xxi,  p.  511,  1881.  See,  also,  Proceedings  British 
Association,  Montreal  Meeting,  p.  734,  1884. 
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In  connection  with  this  work,  the  writer  has  also  examined 
the  more  important  specimens  from  the  JnraAsic  of  Europe, 
and,  likewise,  the  few  specimens  known  from  the  Trias,  in 
both  Europe  and  this  country. 

The  American  Jurassic  Mammals  hitherto  found  are  all 
from  essentially  the  same  geological  horizon,  in  the  Atlanto- 
saurus  beds,  of  the  Upper  Jurassic.  The  principal  locality  is 
in  Wyoming,  on  the  western  slope  of  the  Roclar  Mountains, 
and  remains  of  two  or  three  hundred  individuals  have  been 
obtained  at  this  place  alone.  At  other  points  in  the  same  re- 
gion, a  few  remains  have  been  found.  A  second  locality  of 
importance  is  in  Colorado,  about  three  hundred  miles  south  of 
the  most  northern  known  limit  of  these  remains. 

The  other  vertebrate  fossils  from  this  horizon  are  mainly 
dinosaurs,  many  of  them  of  gigantic  size,  but  some  scarcely 
larger  than  the  mammals.  Crocodiles,  turtles,  small  lizards, 
and  fishes,  are  also  well  represented.  A  single  bird  {Iauj^ 
terj/x\  and  one  small  pterodactyl,  have  likewise  been  recog- 
nized from  these  deposits.  More  recently,  various  bones  of 
small,  anourous  amphibians  (£bbatrachit8  agilis)  have  been 
found,  the  first  detected  in  any  Mesozoic  formation.*  The 
deposits  are  lacustrine,  as  dhown  by  the  fresh-water  shells  they 
contain. 

In  investigating  these  American  Jurassic  Mammals,  it  was 
necessary  to  compare  them,  first  of  all,  with  those  from  the 
same  formation  in  Europe.  On  this  subject,  the  elaborate 
memoir  of  Owen,  on  British  Mesozoic  Mammals,  was  taken  as 
the  main  authority. f 

The  first  specimens  discovered  in  this  country  proved  to  be 
very  near  allies  of  European  forms,  and  most  of  those  since 
found  show  a  remarkable  resemblance  to  others  described  by 
Owen.  Some  fragmentary  specimens  cannot  indeed  be  dis- 
tinguislied  from  the  Englisli  fossils,  but  where  the  remains  are 
more  complete,  various  diflEerences  are  seen,  which  appear  to 
be  distinctive.  A  few,  well-marked,  American  genera  have  no 
known  representatives  in  Europe,  while  some  forms  found 
there  are  unknown  here. 

One  difiieulty  in  the  investigation  of  the  remains  from  the 
two  widely-sei)arated  regions  arises  from  the  necessity  of  rely- 
ing mainly  upon  figures  for  comparison.  Again,  these  minute, 
delicate  fossils  are  often  embedded  in  a  matrix  from  which 
they  cannot  be  removed  without  great  danger  of  injury  or 
destruction.  Hence,  the  jaws  and  teeth  in  many  cases  must 
be  examined  and  describecl  from  the  single  side  exposed.     If 

•  Proceedings  British  Association,  Aberdeen  Meeting,  p.  1033,  1885. 
f  Monograph  of  the  Fossil  Mammalia  of  the  Mesozoic  Formations.     Pals&onto- 
graphical  Society,  vol.  xxiv,  London,  1871. 
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;he  opposite  side  of  a  similar  jaw  should  be  shown  in  another 
specimen,  the  two  may  easily  be  regarded  as  distinct.  This 
nay  also  be  the  case  where  upper  and  lower  jaws  are  found 
leparately.  Hence,  a  large  amount  of  material  becomes  neces- 
lary  for  even  a  proximate  correlation  of  the  closely  related 
'orms. 

PlagiatU(zcidce. 

One  of  the  first  American  specimens  discovered  resembled 
Jtronffly  the  minute  lower  jaws  first  described  by  Falconer,  un- 
ler  tne  name  PlagiatdaWj  and  since  investigated  by  Owen, 
Slower,  and  others,  whose  discussion  of  the  habits  and  a£Snities 
)f  these  peculiar  mammals  forms  a  well-known  chapter  in  the 
listory  of  palaeontology.  Of  this  genus,  only  the  lower  jaws 
were  Known,  and  this  is  one  reason  for  the  wide  divergence 
)f  opinion  as  to  the  nature  of  the  animals  they  represent.  The 
ower  jaws  found  in  America  were  regarded  by  the  writer  as 
ndicating  a  distinct  genus,  Ctenacodon^  two  species  of  which 
le  has  since  describea 

Among  the  separate  upper  jaws  found  in  the  Jurassic  of 
llngland  were  two  or  three  described  by  Owen,  under  the 
generic  name  Bolodon^  but  with  no  suspicion  that  they  were 
n  any  way  related  to  Plagicmlax.  From  American  deposits, 
ilso,  somewhat  similar  jaws  were  obtained  more  recently,  and 
IS  thev  were  apparently  quite  distinct  from  Bolodon^  thev  were 
lescribed  by  the  writer  as  representing  a  new  genus,  Auodon, 
The  molar  teeth  in  one  specimen  resembled  those  of  Plagi- 
iul<xx,  and  the  writer  in  his  description  expressed  the  opinion 
hat  AUodon  should  probably  be  placed  in  the  Plagiavlacidm, 
i  natural  inference  was  that  Bolodon  was  the  upper  jaw  of 
PlcujiaulaXy  and  AUodon^  of  Ctenacodon,  However  this  may 
)e  in  regard  to  the  European  forms,  the  specimens  now  known 
nake  it  clear  that  the  American  genera  are  quite  distinct. 

The  molar  teeth  of  AU^don  and  Ctenacodon  are  of  the  same 
general  type,  and  it  is  still  difficult,  if  not  impossible,  to  distin- 
guish them  when  detached  from  the  jaws.  The  premolars, 
aowever,  and  especially  the  incisors,  differ  in  the  two  genera, 
ind  when  well  preserved  may  often  be  separated  with  certainty. 

Allodox.        * 

In  AlZodo7i^  the  superior  dentition  on  each  side  appears  to 
'ye  as  follows : 

Incisors  3  ;  canine  0 ;  premolars  5  ;  molars  2. 

The  lower  dentition  is  uncertain,  but  is  probably  the  follow- 
ng: 

Incisors  1  ;  canine  0 ;  premolars  4 ;  molars  2. 
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The  upper  molar  series  in  the  type  specimen  of  AUodcn  iB 
well  shown  in  Plate  VII,  figures  1  and  2.     The  five  premolars 
have  tuberculate  crowns,  and  all  appear  to  be  inserted  by  two 
fangs.     The  first  and  second  have  each  one  external,  and  two 
internal  cones.     The  third  premolar  has  a  small  additional  cusp. 
These  three  premolars  dimmish  in  size  from  before  backward. 
The  next  premolar,  or  fourth,  is  much  lai^er,  and  has  its  crown 
flattened  on  the  inner  side.     There  are  three  tubercles  on  the 
outer  border,  and  four,  on  the  inner  margin.     The  fifth  in  the 
series  is  still  larger,  and  has  a  more  rounded  crown.     There  are 
three  lobes  on  the  outer  side,  and  the  same  number  on  the 
interior  face. 

The  two  true  molars  have  low  crowns,  which  are  divided 
into  an  outer  and  inner  half,  by  a  deep-worn  groove.  Each 
half  bears  three  low  tubercles,  of  nearly  equal  size.  The 
last  molar  has  its  longitudinal  groove  on  a  line  with  the  inner 
margin  of  the  other  teeth. 

The  superior  incisors  of  this  genus  now  known  are  repre- 
sented in  the  detached  premaxillary  of  AUodan  fortis^  Plate 
VII,  figures  7-10.  The  first  incisor  was  very  small  The 
second  was  the  main  front  tooth,  much  larger  than  the  third. 
In  the  type  specimen  of  AUodoriy  represented  in  Plate  Vll, 
figures  1  and  2,  no  suture  is  visible  behind  the  first  small  tooth 
(a),  hence,  this  may  possibly  be  a  weak  canine  instead  of  the 
third  incisor.  In  Allodon  f&rtia^  figure  7,  and  also  in  the  type 
of  Bolodon^  Owen,  the  suture  between  the  premaxillary  and 
maxillary  is  distinct. 

The  large  second  incisor  of  Allodon  is  a  peculiar  tooth,  and 
was  evidently  exposed  to  the  full  wearing  action  of  a  strong 
lower  incisor,  somewhat  similar  to  that  of  a  rodent  This  lower 
tooth  has  not  been  found  in  place,  but  the  one  represented  in 
Plate  VII,  figures  14  and  15,  may,  with  considerable  probability, 
be  referred  to  this  position.  The  remaining  lower  teeth  have 
not  been  found  associated  with  tlie  upper  jaws,  but  they  evi- 
dently resembled  those  of  Ctenacodon^  in  some  of  their  most 
important  characters. 

In  comparing  Allodon  with  Bolodon^  we  evidently  have  two 
nearly  related  forms.  *  So  far  as  at  present  known,  AUodan  has 
three  incisors  instead  of  two,  a  larger  number  of  teeth  in  the 
premolar  and  molar  series,  and  likewise  shows  other  differences 
of  less  importance. 

The  affinities  of  these  peculiar  fossils,  and  the  inferences  in 
regard  to  their  habits  and  food,  which  may  be  drawn  from  the 
specimens  now  known,  will  be  fully  discussed  by  the  writer 
elsewhere. 
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AUodon  fortis^  sp.  nbv. 

The  present  species  appears  to  be  generically  identical  with 
the  type  specimen  of  AUodon  laticeps,  but  is  represented  by  re- 
mains of  much  larger  size.  The  premaxillary  snown  on  rlate 
VII,  figures  7-10,  may  be  taken  as  the  type  specimen.  A  num- 
ber of  upper  molar  teeth,  and  the  large  lower  incisor  (figures 
14  and  15,  of  the  same  Plate),  are  also  referred  to  this  species. 

The  first  incisor  in  this  premaxillary  was  very  small,  and  sit- 
uated close  to  the  median  line.  It  is  wanting  in  the  present 
S>ecimen,  but  its  size  and  position  are  indicated  in  the  above 
gurea  The  second  incisor  is  large  and  prominent,  and  is  the 
principal  front  tooth.  It  has  a  distinct  crown,  which  is  covered 
with  enamel,  and  consists  of  one  large  main  cusp,  with  a  small 
posterior  cone.  The  lower  surface  is  much  worn,  evidently  by 
an  opposing  lower  tooth  which  bore  directly  against  it,  from 
its  apex  to  the  small  posterior  prominence.  Tne  sides  of  the 
crowns  show  no  siffns  of  wear.  The  third  and  last  incisor  is 
much  smaller,  and  is  separated  from  the  second  by  a  short 
diastema.  It  has  a  distmct  crown  covered  with  enamel,  but 
Bhows  no  marks  of  attrition.  It  is  situated  a  little  in  advance 
of  the  suture  with  the  maxillary,  shown  in  figure  7,  «,  Plate 
VII. 

A  second  specimen  referred  to  this  species  is  shown  in  figures 
11-13,  Plate  VII.  It  is  a  portion  of  a  left  upper  jaw  con- 
taining three  premolars,  apparently  the  first,  second,  and  third. 
The  first  two  of  these  have  a  single  external  cone,  and  two 
inner  cones,  and  the  second  tooth  is  larger  than  the  first.  The 
third  premolar  is  still  larger,  unlike  the  corresponding  tooth  in 
A.llodon  laticeps^  and  has  a  second  exterior  cone  behind  the 
main  one.  Above  this  tooth,  there  is  a  large  cavity,  appar- 
ently the  entrance  of  the  antorbital  foramen.  This  is  shown 
in  figure  11,/,  Plate  VII. 

The  large  lower  incisor  which  met  the  prominent  one  above 
is  probabyr  represented  in  figures  14  ana  15.  This  tooth  is 
faced  with  enamel  in  front,  and  grew  from  a  persistent  pulp, 
like  the  incisor  of  a  rodent.  The  summit  is  incomplete,  and 
hence,  the  shape  of  the  worn  surface  cannot  be  determined. 

The  specimens  here  described  indicate  that  Allodon  fortis 
was  the  largest  mammal  of  'this  group  hitherto  discovered  in 
the  Jurassic.  In  bulk,  it  was  three  or  four  times  as  large  as 
AUodon  laticem^  and  about  the  size  of  a  rat. 

The  only  known  remains  of  this  species  are  from  the 
Atlantosaurus  beds  of  the  Upper  Jurassic,  in  Wyoming. 
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Ctenacodon. 

The  ^nas  Ctenacodon  was  based  upon  lower  jaws,  one  of 
which  18  represented  in  Plate  VIII,  ngore  1,  and  others,  in 
figures  4,  7,  and  8.  The  single,  long,  pointed  incisor,  the  font, 
compressed,  cutting  premolars,  and  the  two,  minute,  tubercular 
molars,  form  together  a  peculiar  dentition.  The  long,  sharp  in- 
cisor shows  no  signs  of  wear  whatever,  and  hence  could  not  be 
opposed  to  the  large  upper  incisor  of  AUodon,  Its  position 
was  close  to  its  fellow,  and  the  two  evidently  acted  together,  a8 
indicated  in  figure  9,  Plate  VIII.  The  four  premolars  form  a 
closenset  series,  with  their  upper  margins  on  a  curve,  all  more  or 
less  notched.  Some  specimens,  at  least,  show  distinct  marks  of 
wear  on  the  outer  sides  of  the  crowns,  which  are  sometimes 
worn  to  a  uniform  surface.  The  two  small  tuberculate  molars 
are  of  the  Microlestes  type,  with  a  deep  longitudinal  groove  on 
the  upper  surface  of  the  crowns. 

The  entire  upper  dentition  of  CtenoA^odon  is  not  known  with 
certainty,  but  it  probably  corresponded  in  its  main  features  to 
that  of  AUodon,  A  portion  of  the  upper  jaw,  with  typical  pre- 
molars, is  shown  in  Plate  VIII,  figures  2  and  8.  The  posterior 
premolars,  especially  the  last  two,  show  strong  marks  of  attri- 
tion on  the  inner  sides  of  the  crowns,  and  these  were  opposed 
to  the  compressed  premolars  below,  forming  together  a  most 
effective  apparatus  for  cutting. 

Some  of  the  lower  jaws  at  present  referred  to  Ctenacodon 
apparently  show  no  signs  of  wear  on  the  premolars,  and  as  the 
large  incisor  is  not  preserved,  it  is  impossible  to  say  definitely 
that  they  may  not  ])ertain  to  AUodon.  It  is  likewise  quite 
probable  that  some  of  the  lower  jaws  considered  as  Plammd^ist 
may  belong  with  some  of  the  specimens  now  known  as  Bolodd^- 
The  exact  coiTelation  of  the  two  forms  cannot  be  determined 
with  certainty  until  the  upper  and  lower  jaws  are  found  together 
in  position. 

Ctenacodon  may  be  distinguished  from  the  type  of  Plngmvr 
lax  (P,  BecJchsii)  in  having  four  premolars  instead  of  threa 
The  summits  of  these  teeth  alone  are  notched,  and  the  sides 
smooth,  not  obliquely  grooved  as  in  Plagiaulax,  The  condyle, 
moreover,  is  separated  from  the  angle  of  the  jaw,  not  confluent 
with  it.  Ctenacodon^  also,  has  the  angle  of  the  jaw  not  only 
strongly  inflected,  but  its  outer  margin  eflSected  into  a  wide 
horizontal  shelf,  making  this  one  of  the  most  peculiar  features 
of  the  genus. 

The  vertical  posterior  condyle  in  Ctenacodon  implies  a  strong 
post-glenoid  process,  that  would  confine  the  jaw  to  a  vertical 
motion. 
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In  Ctenacodon^  the  mental  foramen  is  large,  and  situated 
)elow  the  middle  of  the  diastema.  The  dental  foramen  \% 
mder  the  last  molar,  bat  its  entrance  is  partially  concealed  by 
I  ridge  descending  from  the  base  of  the  tooth  to  the  inflected 
X)rder  of  the  angle. 

In  none  of  the  specimens  of  Ctenacodon  preserved  is  there 
iny  trace  of  a  mylohyoid  groove. 

Ctenacodon  potenSy  sp.  nov. 

A  third  species  of  Ctenacodon^  ranch  larger  than  C.  serra/t/us, 
s  represented  by  several  jaws  and  isolated  teeth,  discovered 
ince  the  first-  species  was  described.  The  most  important  of 
hese  specimens,  which  may  be  taken  as  the  type,  is  the  right 
ipper  jaw  represented  in  Plate  VIII,  figures  2  and  3.  The 
ower  ]aw  witn  incisor,  figured  on  the  same  Plate,  may  also  be 
•ef erred  to  this  species.  A  second  lower  jaw  in  bett^er  preser- 
vation, but  without  the  incisor,  may  likewise  be  included, 
ilthough  somewhat  larger  in  size. 

The  upper  jaw  above  mentioned  agrees  in  its  general  shape 
irith  that  of  AlZodon,  It  indicates  a  short,  broad  skull,  with 
(trong,  expanded,  zygomatic  arches.  There  is  a  small  antorbital 
:oramen,  as  in  Auodon.  The  four  premolars  present  increase 
n  size  from  before  backward.  The  first  and  second  are  of  the 
Allodon  type.  The  last  two  have  strong  marks  of  attrition  on 
;he  inner  surface  of  their  crowns,  as  shown  in  figure  2,  of  the 
jame  Plate.  They  differ  from  the  corresponding  teeth  in 
Allodon^  in  being  more  compressed,  and  adapted  to  cutting.* 
There  were  apparently  two  true  molars,  which  are  wanting  in 
he  present  specimen,  but  their  position  and  size  are  similar  to 
hose  of  the  same  teeth  in  AUoaon,  "^ 

The  left  lower  jaw  represented  in  figures  7,  8,  and  9  shows 
hat  the  incisor  in  this  species  was  very  large  in  size,  and  a 
nost  effective  weapon.  It  grew  from  a  persistent  pulp,  and 
ts  massive  base  extended  back  under  the  fourth  premolar, 
rhe  crown  is  oval  in  outline  at  the  margin  of  the  jaw,  sonie- 
vhat  more  compressed  above,  and  sharply  pointed  at  the 
ipex.  There  is  a  shallow  groove  on  the  outer  surface  of  the 
ower  half  of  the  crown,  and  a  corresponding  depression  along 
he  middle  of  its  inner  face.  A  careful  examination  shows  no 
igns  of  wear  on  any  part  of  the  crown. 

The  premolars  are  separated  from  the  incisor  by  a  long  dias- 
ema.  The  first  premolar  is  small,  without  serrations,  and  is 
)laced  close  to  the  second.  The  latter  is  larger,  inserted  by 
wo  fangs,  and  has  the  summit  faintly  notched.  The  third 
)remolar  was  still   larger,  but  is   so  much  fractured   in  the 

*  A  somewhat  similar  tooth  of  Microlestes  is  figured  by  Owen  in  Mesozoic 
iammals,  Plate  I,  fig.  16. 
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present  specimen  that  its  form  and  dimensions  are  anoertain. 
The  fourth  premolar  is  very  large,  notched  at  the  summit,  and 
with  its  outer  face  showing  distinct  marks  of  wear. 

The  first  true  molar  is  small,  and  its  crown  much  inclined 
backward.  The  second  true  molar  is  wanting,  but  its  alveoli 
show  that  it  was  also  small,  and  placed  below  the  first  molar. 

In  this  species,  the  series  of  four  lower  premolars  is  placed 
on  a  curve,  and  acts  as  a  single  cutting  blade  against  the  com- 
pressed upper  premolars.  This  curve  is  completed  behind  by 
the  two  molars,  which  have  their  crowns  incbned  outward. 

The  second  and  larger  lower  jaw  referred  to  this  species 
gives  some  additional  characters.  The  third  and  fourth  pre- 
molars show  distinct  traces  of  wear  on  their  outer  surfaces. 
The  first  true  molar  is  placed  obliquely,  as  in  the  previous 
specimen,  and  has  been  subjected  to  much  attrition.  The  last 
true  molar  was  situated  lower  than  the  first,  and  was  also 
oblique.  In  Ctenacodoji  ^erratvs^  the  two  lower  molars  are 
nearly  on  a  level.  The  present  specimen  shows  that  the  angle 
of  the  jaw  was  strongly  inflected,  and  there  was  likewise  a 
ridge  on  the  opposite  outer  margin.  The  coronoid  process  had 
its  front  border  more  nearly  perpendicular  than  in  Otenacodon 
serratus.     There  is  no  trace  of  a  mylohyoid  groove. 

The  known  specimens  of  tliis  species  are  from  the  Upper 
Jurassic  deposits  of  Wyoming. 

Dryolestidce. 

The  first  American  mammal  found  in  the  Jurassic,  and  a 
lar^i^e  proportion  of  those  since  discovered,  belong  to  a  peculiar 
family  which  the  writer  has  called  the  DryoUMidiE,  It  in- 
cludes several  genera  and  numerous  si>ecies  from  this  country, 
and  is  likewise  represented  among  the  forms  found  in  Europe. 

The  type  s]>ecies  of  the  group,  Dryolestes  priscu^^  was  based 
upon  a  characteristic  lower  jaw,  although  the  specimen  was 
imperfect.  A  nearly  complete  lower  jaw  of  the  species  is  rep- 
resented on  Plate  IX,  figure  2.  An  allied  species,  Dryohstes 
voraa\  is  shown  on  the  same  Plate,  by  figures  3  and  4,  Styla- 
ctnloiu  AfithiUOihuK  and  Laodon^  other  genera  of  this  family, 
are  likewise  rei>resented  on  the  same  Plate. 

The  ui)])er  jaws  of  several  genera  of  this  family  are  now 
knoNvn  with  tolerable  certainty,  and  these  will  be  ngured  and 
described  fully  in  the  Memoir  now  in  preparation. 

All  the  genera  of  this  family  have  more  than  the  typical 
number  of  teeth  (44),  and  the  general  characters  of  the  inferior 
dentition  are  well  shown  in  Plate  IX.  The  lower  teeth  form 
a  dose-set  series,  without  diastemas,  or  marked  interspaces. 

There  are  three,  or  four,  incisors,  and  in  those  preserved,  each 
has  a  distinct  crown,  and  tlie  series  diminishes  m  size  from  in 
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front  backward.  The  canine  is  inserted  by  two  fangs,  more  or 
less  distinct,  and  in  most  forms,  its  crown  is  prominent  and 
trenchant.  Three  or  four  premolars  follow,  increasing  in  size 
backward,  with  the  last  usually  very  prominent,  and  in  some 
forms,  larger  than  the  canine.  These  premolars  all  have  two 
roots,  and  a  compressed  crown.  All  have  one  main  cusp,  and 
a  small  posterior  neel.  There  is  usually  a  small  anterior  cusp, 
especially  on  the  posterior  teeth. 

The  molar  teeth  are  from  six  to  eight  in  number,  and  are 
essentially  identical  in  form,  and  usually  distinct  from  the  pre- 
molars. The  crown  consists  of  one  main  external  cone,  hi^h 
and  pointed,  and  three  internal  cusps,  which  vary  much  m 
development  in  the  different  genera.  Seen  from  the  outside, 
these  teeth  appear  to  be  inserted  by  a  single  fang,  but,  in  most 
eases,  each  has  two  roots,  although  these  are  nearly  or  quite 
connate.  When  the  jaw  is  embedded  in  the  matrix,  and  the 
diminutive  teeth  uncovered  as  far  as  safety  will  permit,  the 
features  of  one  side  only  of  the  molars  can  be  determined. 
Thus  in  figure  1,  Plate  IX,  the  outer  exposed  side  of  one  lower 
jaw  (Styldeodon)  is  shown,  while  in  figure  2,  the  inner  side  of 
another  jaw  {Dryoleates)  is  represented.  In  figures  3  and  4, 
the  two  sides  of  the  same  jaw  are  placed ,  together,  and  the 
main  characters  of  the  lower  molar  teeth  of  Dryohstss  are  thus 
made  evident. 

There  are  seven  superior  molars,  and  these  have  one  main 
inner  cone,  and  three  outside  cusps  that  vary  in  size  and  pro- 
portions in  the  different  genera. 

Dbyolestes  and  Stylacodon. 

The  two  genera  most  nearly  allied  in  dentition  are  Dryoleatea 
and  Stylacodon^  typical  examples  of  which  are  shown  on  Plate 
IX.  The  number  of  lower  teeth  in  the  best  preserved  speci- 
mens appears  to  be  the  same  in  each,  while  the  incisors,  canine, 
and  four  premolars,  show  no  marked  differences.  In  Dryo- 
lestes^  the  eight  molars  which  follow  are  all  of  one  type,  and 
differ  but  little  except  an  size.  All  have  the  inner  middle  cone 
of  the  crown  as  high  as,  or  higher  than  the  outer  main  cone.  In 
Stylacodon^  the  first  two  of  these  teeth  resemble  the  anterior 
premolars  in  shape,  and  like  them  show  from  the  outside 
double  fangs.  The  main  external  cone  is  quite  as  high  as  the 
opposite  cusp. 

In  Drvole^tes^  moreover,  the  lower  jaw  is  comparatively 
short  ana  massive,  deep  below  the  molar  teeth,  with  its  lower 
margin  strongly  convex.  The  condyle  in  the  best  preserved 
specimen  is  concave  transversely,  and  has  its  lower  margin 
nearly  on  a  line  with  the  summits  of  the  molar  teeth. 
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In  Styhicodon^  the  lower  jaw  is  long  and  slender,  and  con- 
stricted in  front  of  the  coronoid  process,  which  slopes  well  up- 
ward and  backward.  The  condyle  is  convex  transversely,  and 
placed  considerably  above  the  line  of  the  teetL  The  jaw  is 
shallow  below  the  molars,  scarcelv  exceeding  the  height  of  the 
teeth  themselves,  while  the  lower  border  in  this  region  is  neariy 
straight  These  differences  may  be  readily  seen  in  the  two 
specimens  shown  on  Plate  IX,  figures  1  and  2.  The  mylohy- 
oid groove  is  well  developed  in  both  genera,  and  its  position  is 
essentially  the  same  in  each. 

In  Dryolestes^  the  mental  foramen  is  below  the  first  pre- 
molar. The  dental  foramen  is  beneath  the  front  margin  of  the 
coronoid  process,  and  at  this  aperture,  the  mylohyoid  groove 
begins. 

ASTHKNODON. 

The  genus  Afdhenodon^  the  type  species  of  which  is  de 
scribed  below,  agrees  with  the  above  genera  in  the  more  imr 
portant  characters  of  the  lower  dentition,  but  differs,  in  having 
the  entire  series  of  teeth  much  more  uniform  in  size,  and  but 
eleven  teeth  behind  the  canine.  The  type  of  this  species  is 
the  lower  jaw  shovni  in  Plate  IX,  figure  7.  A  second  speci- 
men referred  to  this  species  is  the  anterior  part  of  another  jaw, 
shown  in  figure  6.  T?he  former  jaw  shows  a  weak  canine  (a), 
followed  by  thyee  premolars,  each  with  two  fangs.  Behind 
these,  in  place  of  the  large,  trenchant  premolar  seen  in  Dryo- 
lestes  and  Styhicodon^  is  a  small  tooth,  which  from  its  shape 
may  be  regarded  as  the  first  molar.  The  remaining  teeth  affree 
in  their  more  important  characters  with  the  corresponoing 
molars  of  Dry  alettes.  The  second  specimen,  figure  6,  shows  a 
similar  weak  canine,  and,  in  front  of  it,  the  four  incisore  in 

f)lace,  increasing  rapidly  in  size  forward,  the  front  one  being 
arger  than  the  canine. 

Asthenodoti  seynt's,  gen.  et  sp.  no  v. 

In  the  genus  Asthenodoii^  the  inferior  dentition  on  each  side 
is  as  follows : 

Incisors  4 ;  canine  1  ;  premolars  3 ;  molars  8. 

The  largest  tooth  in  the  entire  lower  series  is  the  first  incisor, 
Plate  IX,  figure  6,  i.  The  remaining  incisors  decrease  in  size 
backward,  as  shown  in  the  same  figure,  2,  3,  and  4.  The  canine 
(a)  is  small  and  weak,  and  its  crown  resembles  that  of  the 
incisors.  It  is  implanted  by  two  roots,  which  are  nearly  con 
nate.  The  three  premolars  behind  the  canine  have  each  two 
fangs,  and  increase  in  size  from  first  to  last,  as  shown  in  figure 
7,  of  the  same  Plate.    The  following  seven  teeth,  judging  irom 
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the  shape,  are  molars,  and  behind  them  is  the  alveole  of  one 
more.  These  molars  agree  in  general  form  with  those  of  Drych 
Testes.  The  form  of  the  lower  jaw  also  is  similar  in  the  two 
genera.     The  npper  jaw  of  this  genus  is  not  known. 

The  specimens  representing  this  species  indicate  an  animal 
about  the  size  of  a  weasel.  They  are  from  the  Atlantosaurus 
beds  of  Wyoming  Territory. 

Laodon. 

A  fourth  genus,  Laodon^  while  agreeing  in  the  general  type 
of  lower  moEir  teeth  with  the  above  forms,  differs  widely  from 
them  in  other  respects.  The  molars  in  this  genus  have  the  outer 
main  cone  high  and  pointed,  as  in  the  above  genera,  but  the 
inner  opposite  cusp  is  greatly  reduced  in  size,  as  shown  in  the 
type  specimen  represented  in  Plate  IX,  figure  5.  There  ap- 
pear to  have  been  eight  molar  teeth,  six  of  which  are  well  pre- 
served. In  front  of  these,  are  two  premolars  of  nearly  equal 
size,  and  between  these  and  the  canine,  t}iere  were  apparently 
three  more,  each  with  two  fangs,  making  thirteen  teetn  in  the 

I>remolar  and  molar  series.  The  canine  had  two  roots,  and  tlie 
ast  incisor  was  placed  closely  in  front  of  it. 

In  this  specimen,  the  dental  foramen  is  situated  below  the 
summit  of  the  coronoid  process.  Its  aperture  is  placed  ob- 
liquely, opening  backwai^d  and  upward,  and  from  its  outer 
margin,  the  deep  mylohyoid  groove  extends  forward  and  down- 
ward, rapidly  descending  below  the  lower  border  of  the  ramus. 

This  lower  jaw  is  intermediate  in  form  between  Dryohstes 
and  StyUicodon,  It  has  the  slender  straight  ramus  of  Styluco- 
don^  with  even  a  stronger  constriction  behind  the  molar  teeth, 
but  the  jaw  is  deeper  below  the  molar  series,  and  the  lower 
margin  is  convex,  as  in  Dryolestes.  The  molar  teeth  resemble 
those  of  Peraspalax^  Owen,  but  in  that  geniis  there  is  a  less 
number  of  teeth,  and  other  features  not  seen  in  tlie  present 
specimen. 

The  upper  jaw  of  this  genus  has  not  yet  been  identified. 

Laodon  venustiiSy  gen.  et  sp.  nov. 

In  the  type  specimen  of  this  species,  the  inner  side  only  of 
the  lower  jaw  is  shown.  The  alveolar  border  is  nearly  straight, 
while  the  lower  margin  is  strongly  convex.  The  anterior  por- 
tion of  the  ramus  is  very  shallow,  but  little,  if  any,  deeper  than 
the  crowns  of  the  teeth  it  contained.  .There  is  a  well-marked 
mylohvoid  groove,  which  begins  at  the  dental  foramen,  and 
extenas  forward  and  downward,  until  it  is  lost  below,  directlv 
under  the  second  molar.  The  angle  of  the  jaw  extends  well 
backward,  and  was  not  infiected,  although  somewhat  thickened 
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along  the  lower  margin.  The  pterygoid  fossa  is  deep  and  wide. 
The  coronoid  process  was  large,  but  its  exact  form  cannot  be 
determined. 

The  type  specimen  of  the  present  species  is  from  the  Upper 
Jurassic  deposits  of  Wyoming. 

Diplocynodontidoi, 

A  third  group  of  Jurassic  Mammals  is  known  at  present 
from  three  genera,  which  have  been  found  only  in  this  country. 
The  most  typical  form,  Diplocynodon^  is  represented  on  Plate 
X,  figure  3,  by  the  specimen  first  described.  This  fossil  indi- 
cates one  of  the  largest  mammals  yet  found  in  the  Jurassic. 
In  this  genus,  there  were  at  least  three  lower  incisors,  directed 
well  forward.  The  canine  is  very  large,  elevated,  and  trench- 
ant, and  inserted  by  two  strong  fangs.  Behind  this,  there  are 
twelve  teeth,  all  essentially  of  the  same  type,  so  that,  from  the 
outer  side  alone,  it  is  difficult,  if  not  impossible,  to  distinguish 
the  premolars  from  the  molars.  The  crowns  of  these  teetn  are 
composed  of  a  main  external  cone,  with  a  small,  elevated  lobe 
in  front,  and  a  lower  one  behind.  This  is  repeated  on  a  re- 
duced scale  on  the  inner  Bide,  except  that  the  posterior  cusp  is 
rudimentary,  or  wanting.  The  antero-posterior  faces  of  the 
crowns  are  deeply  excavated,  and  grooved. 

The  jaw  is  elongate,  and  gently  curved  below.  The  coronoid 
process  is  large,  and  elevated.  The  condyle  is  placed  very  low, 
nearly  on  a  line  with  the.  teeth.  The  angle  of  the  jaw  is  pro- 
duced into  a  distinct  process  (^),  the  lower  margin  of  which 
bends  outwards,  altliougli  tlie  process  as  a  whole  has  a  slight 
inward  direction. 

In  Diplocynodon  victar^  tlie  mental  foramen  is  beneath  the 
interspace  between  the  second  and  third  premolars.  The  dental 
foramen  is  large,  and  is  situated  intermediate  between  the  last 
molar  and  the  angle  of  the  jaw.  From  its  front  margin,  the 
narrow  straight  mylohyoid  groove  extends  forward,  nearly 
parallel  with  the  lower  margin  of  the  ramus. 
»  An  upper  jaw  referred  to  this  species  contains  the  canine  and 
eight  succeeding  teeth  in  excellent  preservation.  The  canine 
is  very  large,  and  has  two  distinct  fangs.  The  molar  teeth 
have  one,  main,  external  cone,  and  two  lateral  cusps,  which  rise 
from  a  strong  basal  ridge.  On  the  inner  side,  there  is  one  main 
cone,  with  a  small  posterior  heel.  The  outer  face  and  the  sides 
of  the  upper  molars  are  deeply  sculptured  with  irregular 
grooves. 

The  European  genus  Amphitherium  may  possibly  belong  to 
this  family,  but  tlie  lower  canine  has  only  a  single  root,  and 
the  molars  appear  quite  diflFerent  from  those  of  the  American 
forms. 
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DOCODON. 

Another  genus   {Docodon)  of  this  family  may  be  distin- 

Siished  from  Diplocj/nodon  by  having,  in  the  lower  jaw  behind 
e  canine,  eleven  teeth  instead  of  twelve.  The  canine  has 
two  fanes,  as  in  the  latter  genus,  and  the  molar  teeth  corres- 
pond closely  in  form.  The  symphysis  is  very  long,  and  the 
mylohyoid  groove  extends  forward  to  its  upper  border.  The 
type  specimen  of  this  genus  is  shown  in  Plate  X,  figure  2. 

In  Docodon^  the  dental  foramen  is  further  back  than  in 
Dvplocynodon^  and  the  mylohyoid  groove,  leading  out  of  it, 
is  deep  and  straight  as  far  as  the  last  premolar. 

Enkeodon. 

A  third  genus,  Enneodon^  described  below,  is  represented  by 
two  specimens,  one  of  which  is  shown  on  Plate  X,  figure  4. 
The  lower  jaw  is  comparatively  short  and  robust,  and  contained 
only  nine  post-canine  teeth,  all  of  the  same  type. 

Enneodon  crassus^  gen.  et  sp.  nov. 

The  canine  in  Enneodon  is  large,  and,  as  in  the  other  genera 
of  this  family,  is  inserted  by  two  well-separated  fangs.  Seen 
from  the  outside,  its  crown  resembles  that  of  a  true  molar,  but 
the  anterior  lobe  is  wanting.  The  second  premolar  is  larger 
than  the  first,  not  smaller,  as  in  the  t}'pe  of  Divlocynomn, 
The  premolars,  although  of  the  same  general  form  as  the 
molars,  have  the  surface  of  the  crown  more  grooved,  or  striate. 

Enneodon  affinis,  sp.  nov. 

A  second  specimen  of  this  genus  agrees  with  that  last  de- 
scribed in  the  main  features  of  its  dentition,  but  the  lower  jaw 
is  less  robust.  The  canine  is  also  more  slender,  and  there  is  a 
small  diastema  behind  it.  The  first  three  premolars  increase 
in  size  backward,  but  are  all  of  similar  form.  The  angle  of 
the  jaw  is  considerably  below  the  lower  margin  of  the  ramus. 

Tne  principal  dimensions  of  this  specimen  are  as  follows : 

Space  occupied  by  nine  premolar  and  molar  teeth Ig.mm 

Depth  of  jaw  below  first  premolar 2- 

Depth  of  jaw  below  first  molar 3*25 

Height  of  first  premolar  above  Jaw 1-5 

Height  of  second  molar  above  jaw 2* 

Antero-posterior  diameter  of  second  molar 2' 

The  fossils  on  which  the  two  species  of  Enneodon  are  based 
were  found  in  the  Atlantosaurus  beds  of  the  Upper  Jurassic,  in 
Wyoming. 
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Spalacotheri(i(B. 

The  type  genus  of  this  family  is  8pala,cotheriuni  of  Owen, 
but  it  is  probable  that  lie  inclnded  more  than  one  generic  form 
under  this  name,  in  the  various  specimens  described.  In  this 
country,  one  well-preserved  jaw  has  been  found,  which  appean 
to  indicate  a  distinct  genus  {Menucodon)^  and  is  described 
below.  This  specimen  is  represented  on  Plate  X,  figures  S 
and  6. 

In  the  typical  specimens  of  Spala^cotJierium^  the  pre- 
molar and  molar  teeth  are  ten  in  number,  and  of  the  same 
feneral  form.  The  crown  consists  of  one,  main,  external  eone, 
igh  and  pointed,  and  two,  short,  inner  cusps,  nearly  equal  in 
size,  in  front  of  and  behind  the  main  cone.  The  canme  has 
two  fangS)  and  there  is  little  or  no  diastema  behind  it. 

In  Menacodon^  the  molars  have  the  same  general  form,  bnt 
there  appear  to  be  but  seven  in  the  post-caiiine  scries.  The 
crowns  also  are  shorter  and  more  robust.  The  canine  is  smaD, 
and  has  two  roots. 

Menacodon  r  arris  ^  gen.  et  sp.  no  v. 

In  this  species,  the  lower  jaw  is  comparatively  slender,  and 
its  inferior  border  is  strongly  convex,  longitudinally.  The 
canine  was  small,  and  directed  well  forward.  The  first  three 
premolars  are  separated  slightly  from  the  canine,  and  from  each 
other.  The  three  following  teeth,  which  may  be  regarded  as 
true  molars,  are  larger  and  more  elevated,  and  behind  these 
was  the  last  molar,  somewhat  smaller  in  size. 

In  the  type  specimen  of  Menaoodon^  there  is  no  sharply 
defined  mylohyoid  groove,  but  a  shallow  depression  takes  ite 
place,  as  indicated  in  Plate  X,  figure  6. 

In  Spal^coiherium,  there  is  a  well-defined  mylohyoid  groova 

The  unique  specimen  on  which  the  present  species  is  estab- 
lished was  found  in  the  Upper  Jurassic  of  Wyoming. 

Tinodontidw, 

This  family  is  well  represented  by  American  forms,  one  of 
which,  the  type  species  of  Tinodon^  is  shown  on  Plate  X,  fig- 
ure 1.  P fiasco! otheriu in  ^  Owen,  appears  from  its  dentition  to 
be  an  allied  form,  but  differs  in  several  important  points,  and 
may  yet  be  found  to  represent  a  distinct  family.  The  premo- 
lar and  molar  teeth  have  nearly  the  same  form  in  both  genera, 
but  in  Tinodon^  there  is  a  larger  number  of  post-canine  teeth. 
The  coronoid  process,  also,  is  vertical,  and  the  angle  of  the  jaw 
is  not  inflected.  The  premolars  have  the  same  general  shape 
as  the  molars,  the  crowns  being  composed  essentially  of  three 
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K>iiited  cusps,  one,  main,  outer  cone,  and  two,  smaller  cusps,  one 
n  front  and  one  behind,  on  the  inner  sida  There  is  a  strong 
ingulnm  on  the  inner  surface,  which  may  develop  into  an 
jiterior  lobe,  or  posterior  heel.  The  mylohyoid  groove  is  dis- 
inct.  The  conayle  in  Tinodon  is  rounded,  and  somewhat 
ransverse,  and  is  separated  from  the  jaw  by  a  distinct  neck. 

In  Tinodon  heUtiSj  the  dental  foramen  is  large  (Plate  X, 
igure  1,  y*),  and  looks  downward  and  backward.  It  is  placed 
omewhat  behind  the  anterior  margin  of  the  coronoid  process, 
md  somewhat  above  the  middle  line  of  the  ramus.  The  deep 
nylohyoid  groove  (g)  leads  from  this  opening,  forward  and 
iownward. 

THconodontidce. 

Another  famil;^  related  to  the  one  last  described  is  represented 
)y  the  genus  Tnconodon  of  Owen,  and  by  one  or  two  Araeri- 
an  forms.  In  this  group,  the  premolars  are  unlike  the  molars. 
Che  latter  are  large,  and  their  crowns  are  composed  of  three, 
learly  equal,  trencnant  cusps.  The  premolars  are  compressed 
tnd  trenchant,  but  lack  the  anterior  cusp.  There  is  apparently 
nore  than  one  genus  included  under  the  specimens  referred  by 
)wen  to  Triconodon,  but  more  specimens  will  be  required  to 
eparate  them. 

Priacodon,  gen.  nov. 

One  of  the  American  forms,  which  appears  to  be  generically 
listinct  from  the  type  of  Triconodon^  is  represented  below,  on 
^late  X,  figure  9,  under  the  name  Priacondon  ferox.  The 
ype  specimen,  on  which  it  is  based,  was  originally  placed 
►y  the  writer  in  the  genus  Tinodon^  and  the  species  named 
Tinodon  ferox.  This  specimen  is  a  right  lower  jaw,  with  most 
>f  the  teeth  in  position.  There  are  three  premolars,  and  four 
nolars.  The  premolars  have  one  main  cone,  pointed  and  com- 
)ressed,  with  a  low  cusp  in  front,  and  a  larger  one  behind. 
Che  last  premolar  is  large.  The  penultimate  molar  has  four 
listinct  cones  instead  of  three.  The  canine  was  large,  and 
lirected  well  forward.  The  coronoid  process  is  high^  and 
nclined  backward.  The  mylohyoid  groove  is  nearly  parallel 
ivith  the  lower  margin  of  the  jaw,  and  extends  forward  to  the 
symphysis.     The  latter  is  strongly  marked. 

PaiirodontidoB, 

A  peculiar  genus,  Pawrodon^  widely  different  from  any  form 
hitherto  found  in  this  country  or  Europe,  is  represented  at 
present  by  a  single  specimen,  a  left  lower  jaw.     This  is  shown 
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on  Plate  X,  figures  7  and  8.  The  entire  premolar  and  molar 
series  consists  of  only  six  teeth,  the  main  features  of  which  are 
seen  in  the  figures  cited.  The  canine  is  large,  nearly  erect,  and 
is  apparently  inserted  by  a  single  fang.  There  is  a  distinct 
diastema  between  this  and  the  first  premolar.  The  latter  is 
small  The  lower  jaw  is  short  and  massive,  and  there  is  a  deep 
mylohyoid  groove  {g\      * 

The  molar  teeth  of  Patk^odon  appear  to  agree  in  the  general 
features  of  their  crowns  with  those  of  Achyrodon  and  Peror- 
testes^  but  the  figures  given  by  Owen  of  the  specimens  de- 
scribed under  these  names  show  them  to  be  quite  distinct  from 
the  present  genus. 

Paurodon  valens,  gen.  et  sp.  nov. 

In  this  genus,  there  were  apparently  two  lower  premolars, 
and  four  molars,  all  separated  somewhat  from  each  otner.  The 
premolars  have  a  single  main  cusp,  and  a  low  posterior  heel. 
Each  is  implanted  by  two  roots.  The  molars  have  a  single 
main  external  cone,  and  two  low  inner  cusps.  The  mylohyoid 
groove  extends  from  the  pterygoid  fossa  to  the  symphyseal  sur- 
face, which  is  large.  The  mental  foramen  is  below  the  dias- 
tema between  the  canine  and  the  first  premolar. 

The  upper  jaw  of  this  peculiar  fossil  is  not  known. 

The  type  specimen  of  this  unique  form  is  from  the  Upper 
Jurassic  deposits  of  Wyoming  Territory. 

The  main  object  of  the  present  article  is  to  present  a  typical 
series  of  the  remains  of  known  American  Jurassic  mammals. 
A  discussion  of  the  closer  relations  of  these  to  the  mammals 
from  the  same  formation  in  Europe,  as  well  as  to  both  older 
and  more  recent  forms,  will  be  reserved  for  the  Memoir  now 
in  course  of  preparation. 

The  vertebrae,  limb  bones,  and  other  parts  of  the  skeleton  of 
mammals,  found  with  the  jaws  and  teeth  here  described,  can- 
not yet  be  definitely  associated  with  the  latter,  but  an  attempt 
to  do  this  will  be  made  in  the  Memoir. 

The  genera  and  species  of  American  Jurassic  mammals  now 
known  are  given  in  the  list  below.  All  have  been  described 
by  the  writer,  in  this  Journal.  One  figure,  at  least,  of  a  typi- 
cal form  of.  each  new  genus  proposed,  has  also  been  given, 
either  in  the  original  description,  or  in  the  present  article. 

The  list  is  as  follows : 
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Plagiaulacid(B. 

AJlodon  laticeps.     Amer.  Jour.  Sci.,  vol.  xxi,  p.  611,  1881. 

"      fortis.  «  "  "     xxxiii,  p.    331,  1887. 

Ctenacodon  serratas.    **  "  "     xviii,  p.  396,  1879. 

"  nanus.        "  "  "     xxi,  p.  612,  1881. 

"  potens.       "  "  "     xxxiii,  p.  333,  1887. 

DryolesHdcB, 

Dryolestes  priscus.     Amer.  Jour.  Sci.,  vol.  xv,  p.  469,  1878. 

"           vorax.  "  "  "  xviii,  p.  216,  1879. 

**          arcuatus.  "  "  "  xviii,  p.  397,  1879. 

"           obtusus.  "  "  «  XX,  p.  237,  1880. 

"          gracilis.  "  "  "  xxi,  p.  513,  1881. 

Stylacodon  gracilis.  "  "  "  xviii,  p.  60,  1879. 

"           validus.  •*  "  "  XX,  p.  236,  1880. 

Asthenodon  segnis.  **  "  "  xxxiii,  p.  336,  1887. 

Laodon  venustna  "  **  "  xxxiii,  p.  337,  1887. 

Diploeynodontidoe, 

Diplocynodon  victor.  Amer.  Jour.  Sci.,  vol.  xx,  p.  235,  1880. 

Docodon  striatus.  "  "  "     xxi,  p.  512,  1881. 

Enneodon  crassus.  "  "  "     xxxiii,  p.  339, 1887. 

"         affinis.  "  "  "     xxxiii,p.  339,  1887. 


SpalacotfieridcB, 
Menacodon  rarus.     Amer.  Jour.  Sci.,  vol.  xxxiii,  p.  340,  1887. 

TinodorttidcB. 

Tinodon  bellus.     Araer.  Jour.  Sci.,  vol.  xviii,  p.  216,  1879. 
robustus.      **  "  **     xviii,  p.  397,  1879. 

lepidus.         "  "  "     xviii,  p.  398,  1879. 


TViconodontidcB, 

Triconodon  bisulcus.     Amer.  Jour.  Sci.,  vol.  xx,  p.  237,  1880. 
Priacodon  ferox.  "  "  "    xxxiii,  p.  341,  1887. 

{Tinodon  ferox).         "  "  "     xx,  p.  236,  1880. 

Paurodontidm. 
Paurodon  valens.     Amer.  Jour.  Sci.,  vol.  xxxiii,  p.  342,  1887. 

None  of  the  known  Mesozoic  mammals  appear  to  have  been 
truly  herbivorous.  IStereognathus^  virhich  has  been  considered 
as  such,  from  its  molar  teeth,  cannot  fairly  be  regarded  as  evi- 
dence, since  it  was  based,  not  upon  part  of  a  lower  jaw,  as 
described  by  Owen,  but  upon  a  fragment,  evidently  the  posterior 
portion  of  the  maxillary,  and  the  teeth  resemble  the  superior 
molars  of  some  insectivorous  forms. 
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Nearly  all  the  mammalB  older  than  the  Tertiaty,  j^^ii^ 
from  their  dentition  alone,  may  have  lived  mainlv  apon  insectB, 
with  Buch  accessory  diet  as  modem  Insectivores  anect.  The  Pla- 
giaulacidw,  however,  show  evidence  of  marked  adaptation  to 
some  peculiar  food,  whether  animal  or  vegetable  cannot  vet  be 
determined  with  certainty.  Now  that  the  npper  teeth  of  Cten- 
a^odon  are  known,  and  trenchant  teeth  are  tound  opposed  to 
the  lower  cutting  premolars,  and  tubercular  molars  to  those  be- 
low, the  problem  is  simplified,  but  not  solved.  The  evidence 
at  present  points  to  an  animal,  rather  than  to  a  vegetable,  diet  for 
all  the  Auotheria. 

It  is  not  improbable  that  there  was  a  gradual  change  in  diet 
in  the  later  forms,  until  vegetable  fooa  predominated.  The 
fact  that  the  Tertiary  genus  Neopl^igiavlaXy  Lemoine,  has 
only  a  single  lower  premolar  coincides  with  this  view,  and  if 
Hypsiprymiius  is  a  still  later  descendant,  the  additional  molars, 
ana  other  herbivorous  features,  may  be  the  result  of  this 
gradual  change. 

The  few  Mammals  known  from  the  Trias  may  be  placed  in 
two  families,  Drornotheridas^  including  the  American  speci- 
mens, and  MicrolestidcB^  those  of  the  old  world.  They  are  all 
quite  distinct  from  any  of  the  Jurassic  forms,  either  those  found 
in  this  country  or  in  Europe.  Below  the  Trias,  no  Mammals 
have  hitherto  been  discovered  ;  and  none  are  known  with  cer- 
tainty from  the  Cretaceous. 

Mesozoic  Mammals  have  very  generally  been  referred  hith- 
erto to  the  Marsupialia,  An  examination  of  the  known  re- 
mains of  American  Mesozoic  Mammalia,  now  representing  up- 
wards of  two  hundred  distinct  individuals,  has  convinced  the 
writer  that  they  cannot  be  satisfactorily  placed  in  any  of  the 
present  orders.  This  appears  to  be  e(inaily  true  of  the  European 
forms  which  the  writer  has  had  the  opportunity  of  examining. 
With  a  few  exceptions,  the  Mesozoic  mammals  best  preserved 
are  manifestly  low  generalized  forms,  without  any  oistinctive 
Marsupial  characters.  Many  of  them  show  features  that  point 
more  directly  to  Insectivores,  and  present  evidence,  leased  on 
specimens  alone,  would  transfer  them  to  the  latter  group,  if 
they  are  to  be  retained  in  any  modem  order.  This,  however, 
has  not  yet  been  systematically  attempted,  and  the  known  facts 
are  against  it. 

In  view  of  this  uncertainty,  it  seems  more  in  accordance  with 
the  present  state  of  science,  to  recognize  the  importance  of  the 
generalized  characters  of  these  early  mammals,  as  at  least  of  or- 
dinal value,  rather  than  attempt  to  measure  them  by  specialized 
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features  of  modem  types,  with  which  they  may  have  little  real 
affinity.  With  thp  exception  of  a  very  few,  aberrant  forms,  the 
known  Mesozoic  mammals  may  be  placed  in  a  single  order, 
which  the  writer  has  named  Pamioth^ria,*  Some  oi  the  more 
important  characters  of  this  group  are  as  follows : 

(1.)  Cerebral  hemispheres  smooth. 

(2.)  Teeth  exceeding,  or  eaaalling,  the  normal  number,  44.f 

(3.)  Canine  teeth  with  bifia  or  grooved  rootaf 

(4.)  Premolars  and  molars  imperfectly  diflEerentiated. 

(5.)  Kami  of  lower  jaw  unankylosed  at  symphysis. 

(6.)  Mylohyoid  groove  on  inside  of  lower  jaw. 

(7.)  Angle  of  lower  jaw  without  inflection. 

(8.)  Condyle  of  lower  jaw  near  horizon  of  teeth. 

(9.)  Condyle  vertical  or  round,  not  transverse. 

The  generalized  members  of  this  order  were  doubtless  the 
forms  from  which  the  modem,  specialized,  Insectivores,  at  least, 
were  derived. 

Another  order  of  Mesozoic  mammals  is  evidently  represented 
by  AUodon^  Bolodon^  CtencLcodon^  PlaaiaulaXy  and  a  few 
other  genera.  These  are  all  highly  specialized,  aberrant,  forms, 
which  apparently  have  left  few,  if  any,  descendants  later  than 
the  Tertiary.  This  order,  which  the  writer  has  termed  the 
AUotheriaJj^  can  be  distinguished  from  the  previous  group  by 
the  following  characters : 

(1.)  Teeth  much  below  the  normal  number. 

(2.)  Canine  teeth  wanting. 

(3.)  Premolar  and  molar  teeth  specialized. 

(4.)  Mylohyoid  groove  wanting. 

(6.)  Angle  of  lower  jaw  distinctly  inflected. 

These  characters  alone  do  not  separate  the  PlagimdacidcB 
and  Miorolestidw  from  some  of  the  Marsupials,  and  the  facts 
now  known  seem  to  prove  that  they  belong  in  that  group, 
where  they  represent,  at  least,  a  well-marked  sub-order. 

Of  the  two  families  of  Triassic  Mammals  now  known,  the 
DromotheridcB  may  be  placed  in  the  order  Pantotheria^  and 
the  MicrolestidcBj  in  the  AUotheria,  According  to  present 
evidence,  the  former  were  probably  placental,  and  the  latter, 
non-placental,  and  marsupial. 

*  This  Journal,  vol.  xx,  p.  239,  1880. 

f  Tho  genus  Paurodon  maj  be  an  exception. 

X  This  Journal,  vol.  zx,  p.  239,  1880. 


346       O.  C.  Monk — Amgrioom  Jwmtic  MammaU, 

The  modem  PlaeenUl  immmab  were  evidently  not  doiTed 
from  Muropialgy  as  is  generally  supposed.  Each  group  has  ip* 
parentlj  come  down  to  the  present  tmie,  by  separate  lines^from 
primitive,  oviparous^  forms,  of  which,  the  livinff  Monotrema 
may  be  the  more  diiTCt  but  speeialued  representatives^  Among 
the  diversified  members  of  Placental  mammals,  theJbuectivonB 
are  probably  the  nearest  to  the  early  tvpe,  and  henoe  tibey  show 
many  features  seen  in  the  Jurassic  and  Tnasnc  tnftminftla  of  dw 
order  Pantotheria, 

Among  the  various  eidsting  Marsupialsi  the  Bat-KansarooB) 
{Bypriprymnida)  appear  to  be  nearest  to  the  oldest  inowD 
lorms  represented  in  the  order  AUdkeriOy  but  future  dtteo?- 
eries  may,  at  any  time,  bring  to  light  new  MesoEoic  mainmsh 
allied  to  other  Marsupials. 

So  far  as  at  present  known,  the  two  great  groups  of  Plaeeotd 
and  Non-placental  mammals  appear  to  be  distinct  in  the  oldest 
known  forms,  and  this  makes  it  clear  that,  for  the  primitive 
generalized  forms  {HypatAeria)j  from  which  both  were  derived, 
we  must  look  back-to  the  Palaeozoic 

Tftle  College,  New  Hatod,  lUrdi  16,  1887. 
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EXPLANATION  OF  PLATES. 


PLATE  Vn. 

1. — Left  upper  jaw  of  AUodon  latieept,  Marsh ;  outer  view. 

2. — The  same  specimen ;  seen  from  below. 

3. — Left  upper  jaw  of  same  species;  inner  view. 

4. — The  same  specimen ;  seen  from  below. 

5. — Left  upper  jaw  of  same  species;  outer  view. 
;  6. — The  same  specimen ;  seen  from  below. 

7, — Right  premazillary  of  AUodon  JortiSf  Marsh;  outer  view. 

;  8. — The  same  specimen ;  seen  from  below. 

i  9. — The  same  specimen ;  seen  from  in  front. 

:  10. — The  same  specimen  ;  inner  view. 

:  1 1. — Portion  of  left  upper  jaw*  of  AUodon  fortis;  outer  view. 

:  12. — The  same  specimen ;  seen  from  below. 

:  13.— The  same  specimen  ;  inner  view. 

s  14. — Lower  incisor  of  AUodon  fortia ;  side  view. 

s  1 5. — The  same  indsor ;  seen  from  in  front. 

st  iucisor ;  a',  second  premolar ;  &,  fourth  premolar ;  b%  third  premolar  ; 
second  true  molar ;  c^,  first  molar ;  /,  antorbital  foramen ;  m,  malar  arch ; 
suture  with  maxillary. 

Lres  1-4  are  four  times  natural  size;  5  and  6,  six  times  natural  size;  7-15, 
ree  times  natural  size. 

PLATE  VIIL 

B  1. — Right  lower  jaw  of  Ctencxodtm  aerratus,  Marsh;  outer  view. 

small  figure  is  natural  size,  and  the  larger  one  is  magnified  four  diameters. 

B  2. — Right  upper  jaw  of  Ctenacodon potens^  Marsh;  inner  view. 

B  3. — The  same  jaw ;  seen  from  below. 

B  4. — Left  lower  jaw  of  Cienacodon  serratus ;  inner  view. 

E  5. — Incisor,  probably  of  same  species ;  seen  from  iu  front. 

E  6.— The  same  hicisor;  seen  from  the  side. 

E  7. — Left  lower  jaw  of  Cienacodon  patens ;  outer  view. 

E  8. — The  same  jaw;  inner  view. 

JB  9. — The  same  jaw;  front  view,  with  its  fellow  restored  in  place. 

figures  2  and  3,  a^  first  premolar;  6,  fourth  premolar;  c,  second  molar; 
I,  malar  arch.  In  the  lower  jaws,  a,  incisor;  b,  condyle;  c,  coronoid  pro- 
ess  ;  m,  molar ;  r,  root  of  incisor ;  s^  symphyses!  surface. 

ures  2,  3,  5,  and  6,  are  four  times  natural  size,  and  figures  4,  7,  8,  and  9, 
re  three  times  natural  size. 
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PLA.TE  IX. 

Figure  1 . — Left  lower  jaw  of  Stylacodon  gracUia^  Marsh ;  outer  view. 

Figure  2. — Left  lower  jaw  of  Dryoieatea  priacua^  Marsh ;  mner  view. 

Figure  3. — Left  lower  jaw  of  DryoUatea  vorax^  Marsh;  outer  view. 

Figure  4. — The  same  jaw ;  inner  view. 

Figure  6. — Left  lower  jaw  of  Laodan  venuahUy  Marsh;  inner  view. 

Figure  6. — Left  lower  jaw  of  Asthenodon  aegnia^  Marsh ;  anterior  part,  outer  view. 

Figure  'f.—Right  lower  jaw  of  same  species;  outer  view. 

a,  canine;    &,  condyle:    c,  ooronoid  process;    d^  angle;    ^,  mylohyoid  grove; 
9,  symphyseal  surface. 

All  the  figures  are  three  times  natural  size,  except  figure  6,  which  is  four  times 
natural  size. 

PLATR  X. 

Figure  l.— Right  lower  jaw  of  Tinodon  betlua^  Marsh;  inner  view. 

Figure  2. — Right  lower  jaw  of  Dooodon  atriatuaj  Marsh ;  inner  view. 

Figure  3. — Right  lower  jaw  of  Diplocynodon  victor^  Marsh ;  outer  view. 

Figure  4. — Right  lower  jaw  of  Enneodon  craaaua^  Marsh ;  outer  view. 

Figure  5. — Left  lower  jaw  of  Meneicodon  rarua,  Marsh ;  outer  view. 

Figure  6. — The  same  jaw ;  inner  view. 

Figure-  7. — Left  lower  jaw  of  Paurodon  valens,  Marsh ;  outer  view. 

Figure  8. — The  same  jaw ;  inner  view. 

Figure  9. — Right  lower  jaw  of  Priacodon  ferox^  Marsh;  inner  view. 

a,  canine ;    6,  condyle ;    c,  coronoid  process ;    d,  angle ;  /,  dental  foramen ;    g, 
mylohyoid  groove ;  «,  symphyseal  surface. 

Figures  2  and  3  are  twice  natural  size,  and  the  others,  three  times  natural  size. 
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Art.  XXXVI. — On  Red  and  Purple  Chloride,  Bromide  and 
Iodide  of  Silver;  on  Heliochromy  and  on  the  Latent  Photo- 
graphic Image;  by  M.  Carey  Lea,  Philadelphia.    Part  L 

In  this  series  of  papers  it  will  be  my  object  to  show  : 

(1.)  That  chlorine,  Bromine  and  iodine  are  capable  of  form- 
iDg  compounds  with  silver  exhibiting  varied  and  beautiful  col- 
Ciration,  peach-blossom,  rose,  purple  and  black.  That  these 
Ciompounds  (except  under  the  influence  of  light)  possess  great 
stability  :  that  they  may  be  obtained  by  purely  chemical  means 
Eind  in  the  entire  absence  of  light. 

(2.)  That  of  these  substances  the  red  chloride  shows  a  tend- 
ency to  the  reproduction  of  colors.  It  seems  not  improbable 
that  the  material  of  the  infinitesimally  thin  films  obtained  by 
Becquerel,  Niepce  de  St  Victor,  Poitevin  and  others  in  their 
experiments  on  heliochromy  may  be  the  red  chloride. 

(3.)  That  these  substances,  farmed  by  purely  chemical  means, 
constitute  the  actual  material  of  the  latent  or  invisible  photo- 
graphic image,  which  material  may  now  be  obtained  in  the 
laboratory  without  the  aid  of  light  and  in  any  desired  quan- 
tity. They  also  form  part  of  the  visible  product  resulting 
from  the  action  of  light  on  the  silver  haloids. 

For  more  than  a  generation  past,  the  nature  of  the  latent 

photographic  image,  that  which  forms  the  basis  of  development, 

has  been  in  dispute.     Two  theories  have   been   maintained. 
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According  to  tbe  one,  the  first  effect  produced  by  light  is 
simply  a  physical  change,  predisposing  the  elements  of  the 
silver  haloid  to  dissociation,  so  that  when  a  reducing  agent  is 
applied,  the  molecules  so  affected,  yield  more  quickly  to  its 
influence.  According  to  the  other  theory,  the  invisible  image 
is  formed  of  a  sub-salt  (sub-chloride,  etc.).  Observations 
which  I  published  many  years  ago  led  me  strongly  to  the  first- 
mentioned  of  these  theories.  But  of  late  years,  results  have 
been  obtained  not  easily  reconcilable  with  it.  On  the  other 
hand,  the  theory  that  the  latent  image  is  formed  of  subsalt  is 
opposed  10  striking  facts.  Silver  subchloride  for  example  is 
an  unstable  substance,  quickly  destroyed  by  dilute  nitric  acid. 
But  I  have  formed  a  latent  image  on  silver  chloride  and  after 
exposing  it  for  five  minutes  to  the  action  of  strong  nitric  acid 
(sp.  gr.  1*36)  have  developed  the  image  without  difficulty  :  the 
same  with  silver  bromide.  Evidently  these  images,  which  so 
strongly  resisted  the  action  of  undiluted  acid  could  not  be 
formed  of  simple  subchloride  and  subbromide  of  silver,  sub 
stances  quickly  destroyed  by  it 

In  the  desire  to  find  a  satisfactory  explanation  of  the  nature 
of  the  image  based  on  adequate  chemical  proof,  I  have  devoted 
nearly  three  years  of  laboratory  work  to  this  and  to  closely 
allied  subjects.  I  am  led  to  the  conclusion  that  neither  of  the 
older  views  is  correct.  A  truer  theory  seems  to  be  deducible 
from  the  result  of  some  experiments  which  I  published  in  1885, 
to  the  effect  that  the  silver  haloids  were  capable  of  uniting  with 
certain  other  substances,  much  in  the  same  way  that  alumina 
forms  lakes.  When  a  silver  haloid  was  precipitated  in  the 
presence  of  certain  coloring  matters  they  combined  with  it,  and 
though  soluble  in  water,  they  could  not  be  subsequently 
washed  out.  They  had  formed  a  somewhat  stable  compoundf, 
although  the  proportion  of  coloring  matter  was  very  small  in 
comparison  with  the  haloid;  evidently  much  too  small  to 
represent  a  stoichiometiical  composition. 

Now  I  find  that  a  silver  haloid  may  in  the  same  way,  unite 
with  a  certain  proportion  of  its  own  subsalt,  which  by  this 
union  quite  loses  its  characteristic  instability  and  forms  a  com- 
pound of  great  permanence. 

Another  explanation  is  possible:  the  subsalt  may  combine 
with  the  normal  salt,  not  in  the  manner  above  described,  but 
in  stoichiometrical  proportion,  and  this  compound  may  be  dif- 
fused through  ordinary  silver  haloid.  I  have  not  been  able  to 
find  any  reaction  decisive  between  these  explanations,*  but  the' 
general  behavior  of  the  substance  seems  rather  to  indicate  the 

♦  Silver  chloride  may  be  dissolved  out  by  hoi  solutions  of  sodium  or  ammonium 
chloride,  but  the  subchloride  is  at  the  same  time  decomposed.  See  beyond  under 
head  of  ''  Reactions." 
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irst  named  explanation  as  the  true  ona  When  the  red  chlo- 
ide,  for  example,  has  been  boiled  with  dilute  nitric  acid  for  a 
ew  moments  to  eliminate  any  uncombined  subchloride,  the 
proportion  of  subchloride  left  has  never  exceeded  8  or  9  per 
ent  in  over  thirty  specimens  analyzed.  If  we  took  this  to 
epresent  a  compound  in  equivalent  proportions,  we  should 
ave  to  suppose  the  union  of  at  least  twenty  equivalents  of 
^gCl  with  one  of  Ag,Cl,  which  is  improbable.  If  we  suppose 
hat  these  colored  substances  containing  from  less  than  one-half 
K^r  cent  up  to  eight  or  nine  per  cent  of  Ag,Cl  consist  of  a  com- 
>ound  of  one  equivalent  of  subchloride  united  to  a  small  number 
•f  equivalents  of  normal  chloride,  mixed  mechanically  with  a 
argft  quantity  of  normal  chloride,  then  it  would  be  improbable 
hat  specimens  could  not  be  obtained  containing  a  larger  pro- 
portion of  this  compound  and  consequently  of  Ag^Cl,  but  as 
Iready  said,  specimens  containing  more  than  9  per  cent  after 
borough  treatment  with  nitric  acid  to  remove  the  uncombined 
ubchloride  I  have  never  obtained:  generally  the  amount  is 
ess. 

Even  whem  silver  chloride,  bromide  or  iodide  contains  as 
ttle  as  one-half  of  one  per  cent  of  subsalt  combined,  its  prop- 
rties  are  greatly  changed.  It  has  a  strong  coloration  and  its 
ebavior  to  light  is  altered.  Even  a  much  less  quantity,  one 
lappreciable  to  analysis,  is  capable  of  afifecting  both  the  color 
icf  the  behavior  to  light 

It  is  one  of  these  latter  forms  of  this  substance  that  consti- 
ites  the  actual  material  of  the  latent  photographic  image: 
lequate  proof  of  this  will  be  given  in  the  second  part  of  this 
iper. 

Red  Silver  Chlobide. 

Of  the  three  haloids,  the  chlorine  salt  is  the  most  interesting, 
3cause  of  its  relations  to  heliochromy;  it  is  also  the  most 
able  of  the  three  compounds  and  exhibits  perhaps  a  finer 
iriety  of  coloration,  though  the  bromide  and  iodide  are  also 
^tainable  of  very  beautiful  tints.  The  chloride  shows  all  the 
arm  shades  from  white  to  black  through  the  following  grada- 
ons :  white,  pale  flesh  color,  pale  pink,  rose  color,  copper 
)lor,  red  purple,  dark  chocolate,  black.  ^ 

These  compounds  are  obtained  in  an  endless  variety  of  ways-: 
y  chlorizing  metallic  silver ;  by  acting  on  normal  chloride 
ith  reducing  agents ;  by  partly  reducing  silver  oxide  or  silver 
irbonate  by  heat  and  treating  with  HCl ;  by  forming  suboxide 
r  a  subsalt  of  silver  and  treating  with  HCl  followed  by  nitric 
3id ;  by  acting  on  subchloride  with  nitric  acid  or  an  alkaline 
ypochlorite,  etc. ;  by  attacking  almost  any  soluble  salt  of 
liver  with  ferrous,  manganous  or  chromous  oxide,  etc.,  fol- 
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lowed  by  HCl;  by  reducing  silver  citrate  by  hydrogen  and 
treating  it  with  HCl ;  by  treating  a  soluble  silver  salt  or  almost 
any  silver  solution  with  potash  or  soda  and  almost  any  reduc- 
ing agent,  cane  sugar,  milk  sugar,  glucose,  dextrine,  aldehyde, 
alcohol,  etc.,  and  supersaturating  with  HCl ;  there  is  no  organic 
easily  oxidizable  substance  that  I  have  tried  that  has  failed  to 
give  this  reaction.  Also  almost  any  salt  of  silver  exposed  to 
light,  treated  with  HCl  and  then  with  hot  strong  nitric  acid 
yields  it.  Almost  any  of  these  classes  represents  a  long  range 
of  reactions,  each  susceptible  of  endless  variation.  In  fact,  the 
more  the  matter  is  studied,  the  more  extended  the  range  of 
reactions  is  found  to  be  that  give  rise  to  the  formation  of  this 
substance.  To  show  how  slight  an  influence  will  lead  to  the 
production  of  red  chloride  instead  of  white:  if  freshly  precipi- 
tated argentic  oxide  is  mixed  for  a  few  moments  with  starch  or 
tragacanth  paste  and  is  then  treated  with  HCl,  the  result  is,  not 
white,  but  pink  silver  chloride.  Even  raw  starch  flour  mixed 
with  silver  oxide  will  in  a  few  moments  cause  it  to  give  a  pale 
flesh  colored  chloride  with  HCl.  Boiled  starch  or  tragacanth 
paste  does  this  more  quickly  and  acts  more  strongly,  even  in 
the  cold,  and  still  more  if  heat  is  applied. 

Although  red  is  probably  the  most  characteristic  color  of 
this  substance,  so  that  I  have  spoken  of  it  above  as  red  chloride^ 
nevertheless  this  hardly  seems  a  proper  name  for  a  substance 
that  is  often  purple,  chocolate  or  black,  sometimes  brown  or 
even  ocbreous,  sometimes  lavender  or  bluish,  and  is  probably 
capable  of  assuming  every  color  of  the  spectrum.  To  call  it 
argen to-argentic  chloride  would  infer  a  stoichiometrical  composi- 
tion that  as  already  mentioned,  seems  very  uncertain,  too  much 
so  to  serve  as  the  basis  of  the  name.  Therefore,  and  as  these 
substances  have  been  hitherto  seen  only  in  the  impure  form  in 
which  they  are  produced  by  the  continued  action  of  light  on 
the  normal  salts,  it  might  be  convenient  to  call  them  photosalts, 
phoiochloride,  photobromide,  and  photoiodide  instead  of  red 
or  colored  chloride,  etc.,  ami  thus  to  avoid  the  inexactness  of 
applying  the  term  red  chloride  to  a  substance  exhibiting  many 
other  colors. 

Photochloride  by  action  of  Alkaline  Hypochlorites. 

Black  or  purple  black  chloride  is  easily  obtained  by  the 
actioi)  of  an  alkaline  hypochloiite  on  finely  divided  silver  such 
as  obtained  by  reduction  in  the  wet  way.  Commercial  sodium 
hypochlorite  m:iy  be  used  to  act  on  it.  It  is  to  be  poured  over 
the  silver  and  after  standing  a  few  minutes,  is  to  be  replaced 
with  fresh.  After  an  hour  or  two  this  is  again  to  be  replaced 
with  a  new  portion,  which  is  to  be  allowed  to  act  half  an  hour 
to   insure   the    loial    conversion    of   the   silver.     The   product 
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varies  somewhat  in  color,  is  sometimes  black,  oftener  purple 
black.  If  the  treatment  with  hypochlorite  has  been  thorough, 
strong  cold  nitric  acid  of  136  sp.  gr.  extracts  from  it  no  silver. 
This  reaction  with  nitric  acid  is  important  as  it  shows  that  not 
only  metallic  silver  was  not  present,  but  that  the  product  con- 
tained absolutely  no  uncombmed  subchloride.  For  if  any  were 
present  it  would  instantly  be  decomposed  by  the  acid,  in 
which  one-half  of  its  silver  would  dissolve.  The  action  there- 
fore appears  to  lake  place  in  this  way.  First  subchloride  is 
formed,  part  of  this  is  further  chlorized  into  normal  chloride 
which  at  once  combines  with  other  subchloride,  thus  taking  it 
out  of  the  further  immediate  action  of  the  hypochlorite  and 
this  goes  on  until  an  equilibrium  is  reached  and  neither  metal- 
lic silver  nor  uncombined  subchloride  is  left,  as  is  proved  by 
the  action  of  nitric  acid.  Alkaline  hypochlorite,  as  will  pres- 
ently be  shown,  attacks  uncombined  subchloride  very  rapidly, 
the  combined  very  slowly;  by  many  days'  contact  the  quantity 
of  combined  subchloride  is  gradually  reduced. 

Prolonged  treatment  with  hot  strong  nitric  acid  destroys  all 
the  varieties  of  photochloride.  The  time  needed  varies  a  good 
deal.  A  specimen  of  that  obtained  with  hypochlorite  required 
twenty-five  hours'  heating  with  acid  of  1*36  in  a  water-bath  at 
212®  F.  to  bring  it  to  the  condition  of  white  normal  chloride. 
Considering  that  cold  dilute  nitric  acid  instantly  destroys  freshly 
precipitated  argentous  chloride  in  the  free  state,  this  long  re- 
sistance to  strong  acid  at  the  temperature  of  boiling  water  muse 
be  considered  most  remarkable. 

When  the  red  or  photochloride  is  formed  with  the  aid  of  a 
ferrous  siilt  or  ferrous  oxide,  I  prefer  to  boil  the  product  with 
dilute  HCl  to  get  rid  of  the  last  traces  of  iron,  after  a  prelimi- 
nary treatment  with  hot  dilute  nitric  acid  has  removed  silver 
and   uncombined  subchlorida     The  photochloride  will  some- 
times even  resist  boiling  aqua  regia  for  a  time. 

Protected  from  light,  photochloride  is  perfectly  stable. 
Specimens  obtained  eighteen  months  ago  appear  to  be  quite 
Unchanged. 

When  treated  with  ammonia,  it  is  far  more  slowly  attacked 

t.han  the  normal.     The  ammonia  dissoUres  the  normal  chloride 

T>nly.     The  union  between  the  two  must  therefore  be  broken 

^p    and   this   takes   place   slowly.      The   first   action   of   the 

ammonia  is  to  change  the  red  or  purple  color  to  greenish  black 

^nd  then  to  slowly  dissolve  out  silver  chloride.     Hours  are 

required  even  with  a  large  excess  of  ammonia.     Whilst  this  is 

^oing  on,  if  the  ammonia  is  poured  off  and  replaced  with  nitric 

acid,  the  original  color  reappears.     If  the  action  is  continued 

sufficiently  long,  silver  only  remains  and  dissolves  readily  in 

nitric  acid.     A  little  short  of  this,  treatment  with  nitric  acid 
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leaves  a  black  residue  of  dark  chloride  mixed  with  metallic 
silver;  the  dark  chloride  being  insoluble  in  any  acid  has  led 
to  some  strange  mistakes  in  a  similar  reaction  which  occurs  in 
treating  with  ammonia  silver  chloride  that  has  been  exposed  to 
the  light.  Even  a  tiieory  has  been  had  recourse  to  of  a  "  pas- 
sive condition  "  of  silver.  This  passive  silver  is  simply  black 
chloride. 

A  specimen  of  purple  black  chloride  was  treated  with  warm 
strong  aqua  regia  until  whitened  by  conversion  of  the  sub- 
chloride  to  normal.  By  this  treatment  2*563  grams  of  photo- 
chloride  gained  nine  milligrams,  indicating  the  presence  of  2^^ 
per  cent  of  subchloride,  or  more  exactly 

Subchloride 2-49 

Normal  chloride 97'61 

* 

This  is  not  to  be  taken  in  any  sense  as  representing  a  con- 
stant composition.  The  proportion  of  subchloride  varies  be- 
tween certain  limits,  not  only  according  to  the  method  of  prep- 
aration used  but  independently  of  it.  Another  specimen  of 
black  chloride  formed  with  hypochlorite  gave  figures  that 
indicated  a  content  of  less  than  half  of  one  per  cent  of  sub- 
chloride. 

Photochloride  by  Reduction  of  Kormcd  Chloride, 

This  is  an  excellent  means  of  obtaining  red  chloride.  The 
white  chloride  is  to  be  dissolved  in  ammonia  and  ferrous  sul- 
phate added,  producing  an  intensely  black  precipitate.  After 
standing  a  minute,  the  niixture  is  to  be  treated  with  dilute  sul- 
phuric acid  until  it  shows  a  strong  acid  reaction. 

The  precipitate  is  to  be  first  well  washed  by  decantation, 
then  boiled  first  with  dilute  nitric,  then  after  washing  with 
dilute  hydrochloric  acid,  which  must  of  course  be  thoroughly 
washed  out. 

The  product  obtained  in  this  way  is  often  of  singular  beauty. 
It  naight  easily  be  taken  for  metallic  copper.  Sometimes  it  is 
as  rich  and  bright  in  color  as  the  copper  obtained  by  electric 
deposition.  Everyone  knows  the  richness  and  brilliancy  of 
that  form  of  copper  and  I  have  seen  it  fully  equalled  by  this 
silver  salt. 

The  beauty  of  the  color  depends  always  on  the  thorough  re- 
moval of  any  metallic  silver  that  may  be  present,  and  still  more 
on  getting  rid  of  every  trace  of  iron.  The  boiling  with  dilute 
hydrochloric  acid  should  be  continued  until,  after  thorough 
washing,  a  fresh  treatment  extracts  no  more  and  the  acid  re- 
mains  colorless  in  presence  of  alkaline  sulphocyanide. 

Instead  of  an  ammoniacal  solution  of  silver  chloride,  we  may 
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lake  a  solution  of  any  other  silver  salt  in  ammonia  and  reduce 
.  in  the  manner  just  described  with  ferrous  sulphate.  But  in 
lis  case  hydrochloric  acid  must  be  used  instead  of  sulphuric 
Eter  the  r^uction.  This  single  reaction  includes  an  almost 
ndless  variety  of  methods.  The  acid  with  which  the  silver 
'as  originally  combined  seems  to  be  not  without  influence  on 
36  r^ult;  in  some  cases,  for  example,  with  arseniate  and 
lolybdate,  the  action  of  colored  light  on  the  red  chloride  seems 
3  be  somewhat  modified.  Silver  phosphate  on  account  of  the 
ase  with  which  it  suflfers  reduction  is  very  well  adapted  for 
his  treatment. 

^hotochloride  by  Partial   Reductioji  of  Oxide  by  HeaJt^  and 

Treatment  with  HCl. 

This  method  has  the  advantage  of  avoiding  all  admixture  of 
breign  substances,  the  last  traces  of  which  are  v.ery  hard  to  get 
id  of,  and  seem  to  exert  an  effect  on  the  color  disproportionate 
0  their  quantity.  Accordingly  the  photochloride  ootained  in 
bis  way  is  very  beautiful,  the  shades  are  from  pink  to  copper 
3d,  and  a  tint  resembling  burnt  carmina 

Heat  may  be  applied  to  the  oxide  in  either  of  two  ways, 
mg  continued  heat  at  212^  F.,  or  near  it;  or  the  change  may 
B  effected  by  roasting. 

When  slow  heat  is  to  be  applied  care  must  be  taken  that  the 
side  does  not  carbonate  itself,  which  it  easily  does  superficial- 
'  ;  this  is  an  objection  because  the  carbonate,  under  these  cir- 
imstances  yields  white  chloride  with  which  the  other  becomes 
ixed.  The  air  of  a  drying  oven  heated  by  a  gas  burner  is 
specially  bad  in  this  respect.  I  have  seen  a  surface  of  oxide 
rm  a  coat  of  yellow  carbonate  in  a  few  hours  in  this  way. 
f  ost  oxide  that  has  been  kept  sometime  will  effervesce  briskly 
itb  an  acid.)  The  method  is  uncertain,  sometimes  giving 
rongly  colored  products  and  sometimes  pale  pink. 

The  oxide  may  be  roasted  in  a  shallow  flat-bottomed  por- 
»lain  basin.  With  a  very  moderate  heat  it  changes  from 
rown  to  black.  When  this  is  thoroughly  accomplished  and 
jfore  gray  reduction  sets  in,  the  oxide  is  to  be  treated  with 
;C1.  If  this  be  done  in  the  basin  itself  after  cooling  and  with- 
it  disturbing  the  position  of  the  oxide,  a  curious  variety  of 
Dts  will  be  noticeable,  depending  upon  slight  differences  in 
le  heat  affecting  different  portiona 

Silver  Carbonate  may  be  roasted  in  the  same  way  as  silver 
xide,  and  yields  a  similar  product  By  heat  its  color  changes 
rom  yellow  to  black ;  it  is  probable  that  the  carbonic  acid  is 
xiven  off  at  a  lower  temperature  than  that  at  which  oxide  is 
educed  to  silver,  and  that  with  it  escapes  part  of  the  oxygen. 
The  residue  is  converted  by  HCl  into  deep  red  chloride. 
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Albion  of  Variota  Metattie  Oxida  on  Silver  Oxide. 

If  we  precipitate  ferrous  oxide  with  potash  and  add  to  this 
slver  oxide,  or  what  amounts  to  the  same  thing,  if  we  add  to 
ferroos  sulphate  potash  in  excess  and  pour  over  this  silver 
nitrate  solation,  the  silver  oxide  separated  by  the  potash  is 
partly  reduced  by  the  ferroaa  oxide,  and  when  treated  with 
HCl  forms  red  chloride,  the  intensity  of  the  color  of  which  de- 
pends within  certain  limits  OD  the  amoaot  of  redaction  of  the 
silver  oxide. 

Similarly  if  we  treat  solution  of  manganous  aalphate  with 
excess  of  potash  and  then  add  silver  solation,  we  getan  anal- 
ogous reaction,  except  that  it  is  much  weaker  and  heat  is 
necessary. 

With  "chromons  oxide  the  action  is  still  weaker,  bat  evident. 
With  cobaltODs  oxide  it  is  scarcely  perceptible  without  heat 
and  long  continued  action. 

Aetion  of  Ferrie  Chloride  on  MetaUic  Silver. 

It  has  been  long  known  that  silver  was  blackened  by  ferric 
ehloHile.  and  this  action  has  been  proposed  in  the  text  books 
as  a  means  of  obtaining  subcbloride.  for  which  it  is  quite  UD- 
saited. 

Ferric  chloride  acts  on  silver  much  as  sodium  hypochlorite 
dt\>s,  hut  l«s  rapi  ily.  With  hvpochlorite  the  action  is  com- 
piot*  ;:»  a  few  hours  or  o'ten  in  an  hoar  or  less;  with  ferric 
oh.oriiU'  oue  i.^r  iwo  Jays  are  requ:n*d  before  the  proiiuct  ceases 
to  vio.ii  s:,ver  ;o  ho:  .;:';jie  c;;rio  at:ied.  In  both  cases  the 
Sv-iioii  ai>iv;;rs  to  be  alike  :r.  this :  that  no  snbchloride  is  Snally 
lot:  ;i:uo:r.l"i:-.ed  w;:h  ::or:r-a:  cs'-oride. 

.tI!!"^.-''^^^'''"-'  ■*-^"  inwr-sely  dark  purple  black,  when  the 
»oi!.>;i  irtjics  p.aoe  ;::  :he  ov>;,i.  W;;h  neat  continued  for  many 
nouns,  .errjo  oiiloriiio  ..-an  l^e  =-sde  ;o  attack  the  purple  salt  and 
Kra,i«a.._v  ivr.ven  it  iii:o  A^-Ci.  Wi;h  a  strong  solution  in 
Ui^e  «.-«ss  Kept  at  or  near  :;ii--  F.  for  sixtv  hours  the  color 
w»»  Sra.!«*lly  Twiuv-iN)  to  -oi-k  ano  anallv  lo  a  dingy  pinkish 
^»  Jl  ""^  *  I  '■'»"'*'^'  ^  obwiined.  as  it  can  bv  aqaa  regia. 
L  _.-,  ^*'  '^'*™^.  n.or*exa«:y  ;he  course  of'tbe  action,  a 
'Oil  oj  !t>fTk"  ohiv*'^d?  was  allowed  to  act  on  reduced 
Uw>v»  i.  1*  '^'■"''*  '^*  **>ar  laiaaie^  and  then  a  fresh  portion 
KmiIL^^  '■vewUorihe  s«.i.e  «me,  Analvsis  showed 
■MM  lh»  stv-*  oi  dH»  .cikm  ihe  ;^*teria3  contained  : 
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;rw!i3  combined  with  chtorioe, 
would  be: 


100-00 

■.lise,  tliere  was  almost  certainly 
aeiitly  a  less  proportioD  of  aub- 
irealed  repeatedly  with  hot  acid 
■  v/as  removed  waa  found  to  con- 
lorifie,  color  purple.  Another 
;  i:r  cent  sabcnioride. 


I ''  oil  SiVwer  Sxibchloride. 

and  s\\\\    moiat  subchlonde  of 

Pticid,  a  sharp  effervescence  accom- 

i  n[  red  fumes,  seta  in ;  preaently 

I  the   photiKshloride  appears  and  the 

leiion  of  the  red  and  not  the  white 

m  of  AgjOI  is  precisely  what  might 

en  AgCl  is  formed  in  the  preaenoe 

lion  always  takes  place. 

I  this  re.'ipect :  the  AgCl  firat  formed 

]  in  presence  of  all  the  yet  undecom- 

Itd  whatever  pan  it  combines  with  is 

ftjf  the  acid.     It  would  therefore  seem 

1  would  be  one  of  those  tbut  yielded 

1  proportion  of  Ag,Cl,  but  analysis 

Jijpeciniena  were  extremely  variable — ot 

tained  8'62  |jer  cent  of  Ag,CI,  another 

All  that  analysis  can  do  with   auch 

limits  within    which  they  vary.     The 

B  left  after  treatment  with  nitric  acid  de- 

Crenglh  of  the  acid  and  the  time  for  which 

also  to  some  extent  on  variations  in  the 

aince  itself.     Theae  specimens  were  of 

Lnd  purple. 

_  anicular  specimen  ia  alwaya  lightened  in 

Jng  Ag.Cl  from  it  by  continued  boiling  with 

F  as    between   different  spA;iiaena,  eapecially 

Bifferent  reactions,  it  by  no  means  follows  that 

r  coniains  the  most  subchloride. 

Ibloriile  when  treated  with  sodium  hypochlorite 

!  form  of  photochloride.     A  specimen  so  treated 

■^      sefll  of  Ag,01. 
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Action  of  Cupric   Chloride  on  Silver. 

When  metallic  silver  is  submitted  lo  the  action  of  either 
capric  chloride,  or  what  gives  the  same  result,  a  mixture  of  . 
copper  sulphate  and  ammoDinm  chloride,  an  action  takes  place 
very  similar  to  that  of  ferric  cliloride,  bat  more  energetic,  and 
the  reanlUng  red  chloride  is  apt  to  be  lighter  ia  shade,  tbongb 
in  this  respect  it  varies  verv  much.  Aa  in  the  case  of  ferric 
chloride  this  action  of  cnpric  chloride  on  silver  is  given  in  some 
text  books  as  a  means  of  obtaining  argentoas chloride  for  wbicb 
purpose  it  is  aa  little  suited  aa  tfae  iron  sf^lL 

As  a  mode  of  obtaining  red  chloride  it  is  Dot  to  be  recom- 
mended. It  is  troublesome  to  get  the  copper  completely  re- 
moved. 

A  specimen  analyzed  was  foand  to  consist  of  white  chloride 
with  6-28  per  cent  of  subchlorid& 

Action  of  ProtocIUoHdet  on  Siiver  Solution*. 

Cuprous  Chloridg.^When  very  dilate  solution  of  silver 
nitrate  is  ponred  over  cuprous  chloride,  a  bulky  black  powder 
results  which  by  boiling  with  dilate  nitric  acid  tama  red,  the 
acid  extracting  little  or  no  silver. 

FerrouM  Chloride. — When  silver  nitrate  is  dissolved  in  a 
slight  excess  of  ammonia,  and  this  solution  is  poured  into  a 
strong  one  of  ferrous  chloride  tiiere  results  a  precipitate  which 
is  sometimes  grayish,  sometimes  olive  black.  By  washing  with 
dilute  sulphuric  acid,  this  product  becomes  brownish  purple, 
and  brightens  by  boiling  with  dilute  nitric  acid.  It  was  found 
to  amuiin  4-26  \>eT  cent  of  subchloride^ 

PAotocfiloride  by  Action  of  Hydrogen. 

•  u-'-'f"  '•.y*''^^''  '^  passed  over  argentic  citrate  at  212°  F.,  as 
in  W  dbler's  process,  there  resultsa  black  or  dark  brown  powder 
oonsisting  of  areenions  citrsiie.  metallic  silver,  and  perhaps  other 
'"^l^'"**"  ^'**"  ^his  is  treated  with  hydrochloric  acid  and 
•«b»|quently  with  nitric,  the  resulting  product  is  pholochloride, 
A  nw5|^**?*^'°  *"'*^''  ^^  which  sometimes  appears  as  soon  as 
Hi«  aui  M  addad  But  more  frequently  the  material  after  the 
ibo  w'J"  .  f'*^'*'y  '*>«  appearance  of  silver  reduceil  in 

«i.k  -.  "*-'''  ?.  '*'•  "^  '^'or  appears  only  after  treatment 
wmt  nitno  nod.  Kren  cold  dilate  acid  (hv  some  hours'  con- 
JJMJ^wdl   MDlflU-   ii,B  red  chloride;     boiling    acid    does   so  at 

^'[j'r'^'i''  .'?'Tl*-     -A-  «pecimen  analyzed  was  found  to 
•«  nortnal  cblond«  combined  with  3-11  per  oeni.  of  sub- 


M,  C  Lea — Chloride^  Bromide  and  Iodide  of  Silver.    359 

Photoc/doride  by  Action  of  Potash  with  Oxidizdble  Organic  Sub- 
stances, 

There  is  no  better  method  of  obtaining  photochloride  than 
3y  acting  on  a  salt  of  silver  with  potash  and  certain  organic 
substances.  Milk  sugar,  dextrine  and  aldehyde,  give  particu- 
arly  good  results.  Milk  sugar  acts  rapidly,  dextrine  slowly. 
3ther  substances  with  which,  combined  with  potash,  I  have 
>btained  chloride,  are:  gum,  tannin,  galloiannic  acid,  manna, 
rlycerine,  alcohol,  carbolic  acid.  etc.  The  number  might 
loubtless  be  indefinitely  multiplied.  After  the  action  has 
reached  a  proper  stage,  which  with  milk  sugar  is  apt  to  be  in 
less  than  a  minute  and  with  dextrine  may  take  half  an  hour, 
5C1  is  added,  whereupon  the  precipitate  changes  in  appearance 
)Qt  does  not  exhibit  its  characteristic  color  until  after  boiling 
nth  nitric  acid ;  the  best  result  is  obtained  when  the  precipi- 
ite,  after  addition  of  HCl,  has  a  rich  chestnut  brown  shade,* 
'hich  by  nitric  acid  changes  to  shades  of  purple  and  burnt 
irmine,  when  milk  sugar,  dextrine  or  aldehyde  has  been  the 
nlacing  agent.  When  the  salt  of  silver  employed  has  been 
le  chloride,  of  course  treatment  with  HOI  is  superfluous. 

A  specimen  obtained  by  acting  on  silver  nitrate  with  potash 
ad  dextrine  was  found  to  contain  2*26  per  cent  of  subchloride. 
Lnotber  obtained  with  silver  nitrate,  potash  and  milk  sugar 
>ntained  only  0'34  per  cent.  As  in  former  instances  these 
eterminations  are  useful  only  in  indicating  the  extreme  varia- 
ility  of  these  substances  and  their  approximate  limits  of  com- 
osition. 

Other  Reactions  leading  to  the  formation  of  Photochloride. 

A  few  more  instances  are  here  added,  indicating  the  variety 
f  ways  in  which  this  product  may  be  obtained. 

The  following  is  an  interesting  reaction.  If  a  solution  of 
srrous  sulphate  is  made  strongly  acid  with  HCI  and  solution 
f  silver  nitrate  added,  the  silver  is  thrown  down  as  white 
hloride.  But  if  to  the  silver  solution  is  first  added  a  little 
mmonia,  enough  to  re-dissolve  the  oxide,  but  much  less  than 
nough  to  neutralize  the  acid  added  to  the  iron  solution,  then 
>n  pouring  the  silver  solution  into  the  iron,  the  silver  falls  as 
ed  chloride.  So  obtained  it  has  at  first  a  dull  purple  or 
hade,  but  by  purification,  as  before  described,  a  good  product 
3  obtained.  This  method,  however,  scarcely  tends  to  the  pro- 
luction  of  the  splendid  copper  red  shades  of  color  that  are  got 
)y  acting  on  silver  chloride  dissolved  in  ammonia  with  fer- 

*  A  specimen  in  this  Btage  and  before  treatment  with  nitric  acid  was  found  to 
ontain  92*68  per  cent  of  silver,  showing  it  to  be  a  mixture  of  metalUc  silver 
vrth  chloride  and  sub-chloride. 
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roos  solpbate  and  then  adding  dilnte  salpbnric  acid.  The 
sbade  of  color  showD  by  any  particular  specimen  is  always  of 
interest,  because  as  before  mentioned,  it  modifies  the  effect 
exerted  upon  it  bj  the  spectrum. 

Potassio-ferrous  oxalate, — The  now  well-known '^  oxalate  de- 
veloper^' which  I  described  in  this  Journal  some  years  ago, 
throws  down  from  silver  nitrate  a  black  powder:  this  precipi- 
tate treated  with  HCl  scarcely  alters  in  appearance,  but  washed 
and  boiled  with  dilute  nitric  acid,  changes  to  a  deep  purple. 

PyrogaUol  is  capable  of  leading  to  the  formation  of  photo- 
chloride.  When  ammoniacal  solution  of  silver  nitrate  is 
poured  into  solution  of  pyrogallol  in  water  made  strongly  acid 
with  HCl,  in  such  proportion  that  the  mixed  solution^  remain 
strongly  acid,  there  falls  a  grayish  product  which  by  washing 
and  treatment  with  hot  dilute  nitric  acid,  becomes  bright  pink« 

Ferrous  oxide  diflfers  essentially  in  its  action  on  silver  solu- 
tions from  ferrous  sulphate.  A  silver  nitrate  solution  added 
to  one  of  ferrous  sulphate,  precipitates  gray  metallic  silver. 
But  if  potash  or  soda  is  first  added  to  the  ferrous  solution 
and  then  silver  nitrate  followed  by  HCl,  the  red  chloride  is 
formed  abundantly.  This  reaction  is  similar  to  that  already 
described  in  which  an  ammoniacal  solution  of  a  silver  is  added 
to  one  of  ferrous  sulphate. 

To  the  same  class  of  reactions  belongs  the  following :  silver 
carbonate  with  excess  of  sodium  carbonate  is  thrown  into  solu- 
tion of  ferric  sulphate,  and  after  standing  a  few  minutes  HCl 
in  excess  is  added.     The  silver  is  converted  into  red  chloride. 

It  seemed  possible  that  silver  Itself  might  be  made  the  means 
of  reducing  its  chloride.  The  experiment  was  made  in  this 
way:  freshly  precipitated  and  still  moist  chloride  was  inti- 
mately mixed  with  metallic  silver  in  fine  powder  and  a  little 
water.  This  was  heated  till  the  water  boiled  and  nitric  acid 
was  added.  After  the  action  was  over  the  chloride  bad 
assumed  a  deep  f)ink  color.  A  similar  result  is  obtained  with- 
out the  aid  of  heat,  but  the  resulting  color  is  much  paler. 

Analogous  to  this  is  the  following:  When  a  cake  of  fused 
silver  chloride  in  a  crucible  is  reduced  with  dilute  sulphuric 
acid  and  zinc,  if  the  reduction  is  interrupted  when  not  quite 
finished,  and  the  metallic  silver  is  dissolved  out  with  hot  nitric 
acid,  the  residue  of  silver  chloride  will  be  found  to  be  pink. 

When  HCl  is  brought  into  contact  with  Ag  together  with  an 
oxidizing  agent  such  as  a  bichromate  or  permanganate,  it  gives 
rise  to  formation  of  colored  chloride.  These  I  have  not  spe- 
cially examined,  but  there  can  be  little  doubt  that  they  are 
identical  in  nature  with  the  foregoing.  So  too  when  silver  in 
contact  with  mixed  potassium  chlorido  and  chlorate  is  cau- 
tiously treated  with  dilute  sulphuric  acid. 
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The  reactions  above  described  will  serve  to  show  under  what 
vast  variety  of  conditions  the  photosalts  are  formed.  Most 
f  the  methods  here  described  represent  each  a  whole  class  of 
tactions,  all  resulting  in  the  same  general  way,  and  these 
lasses  might  doubtless  be  largely  added  to.  Almost  any 
liver  solution  brought  into  contact  with  almost  any  reducing 
gent  and  then  treated  with  HOI,  gives  rise  to  the  formation  of 
botochloride.  Almost  any  chlorizing  influence  brought  to 
•ear  on  metallic  silver,  has  the  same  result.  Or  when  silver  is 
Tought  into  contact  with  almost  any  oxidizing  agent  and  HOI. 
t  may  be  said  without  exaggeration  that  the  number  of  reac- 
ions  that  lead  to  the  formation  of  photochloride  is  much  larger 
ban  that  of  those  leading  to  production  of  normal  chloride. 

Reactions  of  Photochloride, 

Exposed  to  ordinary  diffuse  light  all  the  bright  shades  of 
ilver  photochloride  quickly  change  to  purple  and  purple  black. 
The  darker  shades  are  more  slowly  influenced. 

Mercuric  chloride  gradually  changes  it  to  a  dirty  white. 

Mercuric  nitrate  dissolves  it  easily  and  completely,  but  ap- 
)arently  with  decomposition,  as  it  can  only  be  recovered  as 
rhite  chloride. 

Potassic  chloride  seems  to  be  without  effect. 

Potassic  bromide  soon  converts  it  to  a  dull  lilac,  which  at 
ae  end  of  twelve  hours,  showed  no  further  change. 

In  contact  with  potassic  iodide  the  color  instantly  changes 
)  blue  gray;  this  change  is  produced  by  a  quantity  of  iodide 
>o  small  to  dissolve  even  a  trace  of  silver;  the  filtrate  is  not 
arkened  by  ammonium  sulphide.  With  a  largper  quantity 
Iver  is  dissolved  abundantly.  By  acting  with  renewed  iodide 
>lation,  the  substance  continually  darkens  and  diminishes  until 
aly  a  few  black  points,  barely  visible,  are  left. 

Treated  with  dilute  solution  of  potassium  chlorate  and  HOI, 
le  red  substance  gradually  passes  to  ^ink,  to  flesh  color,  and 
nally  to  pure  white. 

The  action  of  heat  on  the  photochloride  is  wery  curious;  its 
3ndency  is  generally  toward  redness.  Specimens  appearing 
uite  black,  are  rendered  distinctly  purple  or  chocolate  by  heat- 
ig  to  212°  F.  in  a  drying  oven.  Oiten  when  the  substance  first 
eparates  by  addition  of  HCl,  it  is  pure  graj  ;  this  gray  will 
ften  be  changed  to  pink  by  simply  healing  to  212°.  (This 
lappens  when  a  gray  form  is  produced;  if  the  grayness  is  due 
o  admixed  metallic  silver,  it  is  only  removed  by  boiling  with 
litric  acid.) 

The  somewhat  surprising  change  of  color  which  is  often  seen 
nrhen  the  crude  substance  is  boiled  with  nitric  acid  (sometimes 
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from  dull  dark  gray  to  crimson)  is  due  to  three  concurrent 
actions :  that  of  the  mere  heat,  the  removal  of  the  silver,  and 
the  breaking  up  of  uncombined  subchloride. 

It  is  not  possible  to  dissolve  out  the  normal  chloride  by  a 
solvent  like  ammonium  chloride  from  the  photochlorides,  leav- 
ing the  subchloride  behind.  When  red  chloride  is  boiled  with 
successive  portions  of  strong  solution  of  ammonium  chloride  in 
large  excess,  the  material  gradually  diminishes  until,  if  the 
operation  is  continued  long  enough,  there  remains  a  small  resi- 
due of  a  warm  gray  color,  which  consists  of  metallic  silver  and 
dissolves  without  residue  in  nitric  acid. 

If  sodic  chloride  is  substituted  for  ammonium  chloride,  the 
same  result  follows,  except  that  the  operation  is  greatly  more 
tedious.  If  persevered  in  until  the  hot  solution  no  longer 
removes  traces  of  silver  chloride,  the  residue  consists  of  noth- 
ing but  metallic  silver. 

Action  of  Light  on  NormcU  Silver  Chloride, 

When  silver  chloride  precipitated  with  excess  of  HCl  is 
exposed  to  light,  it  becomes  with  time  very  dark.  Cold,  strong, 
nitric  acid  1*36  sp.  gr.  extracts  a  trace  only  of  silver. 

The  principal  action  of  light  on  AgCl  (precipitated  in  pres- 
ence of  excess  HCl)  consists  in  the  formation  of  a  small  quan- 
tity of  subchloride  which  enters  into  combination  with  the 
white  chloride  not  acted  upon,  forming  the  photochloride,  and 
thus  is  able  to  withstand  the  action  of  strong  nitric  acid.  At 
the  same  time  a  trace  is  formed,  either  of  metallic  silver  or  of 
uncombined  subchloride,  it  is  impossible  to  say  which.  After 
a  certain  very  moderate  quantity  of  photochloride  is  formed, 
the  action  of  light  seems  to  cease.  This  cessation  has  been 
noted  by  many  observers,  perhaps  most  exactly  by  Dr.  Spen- 
cer Newbury. 

The  nature  of  the  product  formed  by  the  continued  action 
of  light  on  silver  chloride  seems  to  support  the  conclusion  that 
the  subchloride  is  combined  with  the  whole  of  the  normal 
chloride  after  the  manner  of  lakes  rather  than  in  equivalent 
proportions.  If  the  latter  were  the  case  it  seems  probable  that 
the  continued  action  of  light  would  extend  to  much  greater 
decomposition  than  it  is  found  to  do. 

The  action  of  light  in  the  formation  of  the  so-called  latent 
image  will  be  examined  in  the  second  part  of  this  paper. 

Photobromide  and  Photoiodide. 

It  has  been  already  mentioned  that  bromine  and  iodine  form 
with  silver  combinations  in  all  respects  analogous  to  those  of 
chlorine.    A  more  particular  account  of  the  bromine  and  iodine 
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compoaDds  must  wait  for  the  next  succeeding  number  of  this 
Journal ;  here  it  can  only  be  mentioned  that  these  substances 
are  formed  much  in  the  same  way  as  the  chlorine  compound. 
They  are  less  stable  than  it,  and  consequently  the  number  of 
reactions  that  lead  to  their  production  is  somewhat  more  lim- 
ited. Each,  however,  is  formed  in  a  great  variety  of  ways,  and 
with  the  same  ease  as  the  chloride.  In  color  they  are  for  the 
most  part  indistinguishable  from  it,  but  exhibit  different  reac- 
tions. 

Relations  of  Photochloride  to  Heliochbomy. 

The  photochloride  was  examined  both  with  the  spectrum 
and  under  colored  glass. 

The  rose-colored  form  of  photochloride  was  that  which  gave 
the  best  effect.  In  the  violet  of  the  spectrum  it  assumed  a  pure 
violet  color,  in  the  blue  it  acquired  a  slate  blue,  in  green  and 
yellow  a  bleaching  influence  was  shown,  in  the  red  it  remained 
unchanged.  The  maximum  effect  was  about  the  line  F,  with 
another  maximum  at  the  end  of  the  visible  violet,  less  marked 
than  the  one  at  F. 

Under  colored  glass  the  colors  obtained  were  brighter;  under 
two  thicknesses  of  dark  ruby  glass,  the  red  became  brighter 
and  richer.  Under  blue  glass  some  specimens  gave  a  fair  blue, 
others  merely  gray.  Under  cobalt  a  deep  blue  was  easily  ob- 
tained, and  under  manganese  violet,  a  6ne  violet,  very  distinct  in 
shade  from  the  cobalt.  Green  produced  but  little  effect — 
yellow  was  sometimes  faintly  reproduced  bat  rarely.  But  the 
yellow  glass  of  c  ommerce,  even  the  dark  yellow,  lets  through 
portions  of  nearly  the  whole  spectrum,  as  can  readily  be  seen 
oy  testing  it  with  the  spectroscope. 

Thedark  purple  forms  of  chloride  do  not  give  as  good  results 
as  the  rose  and  coppery  shades.  These  last  have  many  points 
of  resemblance  with  the  material  of  Becquerers  films,  resem- 
blance of  color,  probably  of  composition,  as  far  as  we  can 
judge  of  the  constitution  of  those  films  from  their  origin  ;  they 
were  far  too  attenuated  to  admit  of  analysis;  and  resemblance 
in  the  curious  way  in  which  their  color  is  affected  by  heat,  so 
that  the  conclusion  seems  inevitable,  that  they  are  at  least 
closely  related. 

There  is  certainly  here  a  great  and  most  interesting  field  for 
experiment;  hardly  any  two  specimens  of  photochloride  give 
exactly  the  same  results  with  colored  light,  and  this  suggests 
great  possibilities.  There  is  the  very  great  advantage  in  this 
method  over  any  previous,  that  the  material  is  easily  obtained 
in  any  desired  quantity  and  in  a  condition  most  favorable  for 
experiment. 
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Ts^  acGcc  oc  Irnc  oa  phccockloride  can  be  m*good  de^ 
aCecte^i  sj  pute::ig  icncr  agwinrf  ia  coQtaet  with  it     Au^ 
wak/K^zje^  v:ftca'::Le  oi  jrTi:i2  sp  diloriae  aeems  to  infiaenoe  th^ 
jcsioa   3oc:*^'via::    Kinnc  ciiJoride  often  acts  fiiTormbly,  ab^^ 
Kaaaic  du:*!  ^^icra  calondes. 

Er-.-i^ctlj  az  :ta;«:ranc  point  in  all  hetiodiroaiic  prooesses  \^^ 
that  aff  vhr:e  '.f^ri:  zi<ijt  be  represenfied  bj  white  in  the  images^^ 
it  is  an  «Bei:*«:aI  co^diiioc  that  white  light  most  exert  a  bleaclt — -^* 
iog  a«!tio=.  on  (ce  <er::si:xTe  substance  emplojed.     Bed  chloridi 
does  HOC  b'.€&c&   be;:  'iArkens  in  white  light^  bat  the  propertj 
of  b'.etccic^  ;*d  a  ^trj  considerable  extent,  may  be  conferrecz — si 
on  it  bf  censiizL  o:her  chlorides^  and  particalarly  bj  lead  chl< 
ride  and  zinc  chiondeL 

This  I  look  npo!i  as  Terr  importanL 

Another  matter  of  interest  is  exaltation  of  sensitiTeness,  an 

this  I  find   is  accomplished   in  qoite  a  remarkable  waj  l> 

sodiam  salicylate,  the  presence  of  which  at  least  trebles  tb^  e 
the  action  of  light  on  these  substances.    And  probably  on  othei 

I  am  pervnaded  that  in  the  reactions  which  have  been  he 
described.  lies  the  f atare  ot  heliochromy,  and  that  in  some  iorwm 
or  other  this  heaatifol   red  chloride  is  destined  to  lead  event 
ally  to  the.reprodaction  of  nataral  colors. 

FhiUdelphia.  March  23.  IsST. 


Art.  XXX VIL — On  Oie  Inter- Relation  of  Contem'fforaneous  Fom^^^ 
Fauna.s  and  Fioras ;  by  CHARLES  A.  WHITE. 

It  is  apparent  to  every  paleontologist  who  aims  at  a  compre- 
hensive knowledge  of  his  subject  that  the  idea  which  has  here- 
tofore prevailed,   that  for  every  epoch  or  period  of  geological 
time  certain  characteristics  have  been  so  impressed  upon  every 
class  of  animals  and   plants   which  then  existed  that  their  re- 
mains, if  properly  investigated,  will  be  foand  to  bear  intrinsic 
evidence  as  to  the  particular  epoch  in  which  they  respectively 
lived,  must  be  accepted  with  a  good  degree  of  qualification. 
We  ought  naturally  to  expect  to  find  that  the  rate  of  progress 
of  evolutional  differentiation  from  epoch  to  epoch  has  been  vari- 
•able,  when  comparisons  are  made  between  marine  faunas  on 
the  one  hand  and  continental   faunas  and  fioras  on  the  other, 
because  the  conditions  under  which  they  respectively  lived  are 
so  diii'erent ;  but  it  is  scarcely  less  apparent  that  such  dififerences 
have  often  been   very  great  among  the  different  classes  which 
contemporaneous  continental  faunas  and  floras  have  embraced.        _. 
In  a  former  publication  for  example*  I  have  shown  thatdino-       , 

♦  See  this  Journal,  III,  ixvi,  pp.  120-123. 
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rian  remains  of  Cretaceous  types,  molloscan  remains  of  both 
•tiary  and  living  types,  and  plant  remains  of  both  Tertiary 
I  living  species,  have  been  found  in  such  intimate  associa- 
1  in  strata  of  the  Laramie  Group  as  to  indicate  that  they  all 
)d  contemporaneously.  In  another  publication*  I  have 
•wn  that  remains  of  living  species  of  land  mollusks  have 
tn  found  associated  in  the  same  strata  with  those  of  extinct 
era  and  Families  of  Miocene  vertebrates.  In  still  anotber,f 
lave  shown  that  a  fresli-water  mulluscan  fauna,  nearly  all 
known  species  of  which  are  closely  related  to  living  forms, 
( been  found  in  Jurassic  strata  associated  with  a  great  variety 
dinosaurian  remains. 

The  following  remarks  in  support  of  the, opinion  just  ad- 
iced  have  reference  to  other  cases  which  have  been  observed 
connection  with  the  great  series  of  intra-continental  strata 
ich  is  found  occupying  a  large  region  in  the  western  part  of 
r  national  domain ;  the  vertical  range  of  the  series  being 
m  the  Laramie  Group  to  the  Bridger,  the  uppermost  of  the 
sh  water  Eocene  Groups,  inclusive.:^  This  series  is^one  of 
DSual  interest  because  of  its  intra-continental  origin,  of  its 
at  thickness  and  geographical  extent  for  a  series  of  such  an 
pn,  and  of  the  im{X)rtance  of  the  fossil  remains  which  have 
n  collected  from  it.  Indeed  a  large  part  of  our  present 
>wledge  of  the  extinct  land  vertebrate  life  of  North  America 
been  derived  from  this  series  of  strata ;  and  yet  that  knowl- 
e  is  strikingly  imperfect  and  fragmentary.  It  is  of  course 
strange  that  any  record  of  extinct  vertebrate  life  should  be 
►erfect,  but  the  broken  character  of  this  one  is  the  more 
^worthy  because  tiie  record  of  both  the  invertebrate  and 
It  life  for  the  pame  series  of  strata  and  within  the  same 
ion,  seems  to  have  never  been  wholly  broken.  Besides  this 
ience  of  the  continuity  of  invertebrate  and  plant  life  in  the 
es  referred  to,  studies  which  I  have  prosecuted  in  the  field, 
.  also  among  the  collections  which  nave  from  time  to  time 
n  obtained  from  those  formations,  have  disclosed  satisfac- 
r  proof  that  for  the  whole  series  there  was  continuous  sedi- 
itation  within  a  large  area.§  How  large  that  area  was  has  not 
D  determined,  but  it  is  known  to  have  embraced  a  consid- 
ile  part  of  central  and  northern  Utah. 
t  is  probable  also  that  in  northeastern  Montana  and  the 
icent  part  of  Dakota,  sedimentation  was  continuous  from 

5tiU.  U.  S.  Geol.  Survey,  No.  18,  pp.  10-16. 

5uU.  U.  S.  Geol.  Survey,  No.  29. 

7or  a  tabular  exposition  of  the  principal  formations  of  the  Rocky  Mountain 

•n,  Bhowing  the  illations  of  tliis  series  to  other  formationB,  see  Ann,  Beport 

.  Geol.  Surv.  Terr,  for  1876,  p.  22. 

See  Bull.  tJ.  S.  Geol.  Survey,  No.  34. 

I.  Jour.  Soi.— Third  Series,  Vol.  XXXTIT,  No.  197.— Mat,  1887. 
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the  Laramie  up  into  the  equivalent  of  the  Wasatch,  and  perh: 
also  into  that  of  the  Green  River  Group.* 
►?This  result  of  tliose  studies  makes  it  necessary  to  deny       n 
correctness  of  the  claim,   which  certain  authors  have  ma^j^ 
that  there  was  an  entire  stratigraphical  break  in  the  series  re- 
ferred  to  at  the  close  of  the  Laramie  period.     Still,  it  \m   not 
denied  that  the  Wasatch  strata  usually,  if   not  always,  reg^ 
unconformably,  if   at  all,   upon  the  strata  which   have  \>een 
called  the  Bear  River  Laramie ;  and  in  some  cases  also  upon 
other  Laramie  strata.     In  short  it  is  admitted  that  the  area  of 
contiguous  sedimentation  was  materially  restricted  at  the  close 
of  the  Laramie  period  ;  but  it  was  not  wholly  interrupted  until 
the  close  of  the  Bridger  epoch. 

Besides  the  recognition  of  proof  that  sedimentation  was  con- 
tinuous through  the  whole  vertical  range  of  this  intra-conti- 
nental  series  of  deposits  within  at  least  certain  portions  of  the 
area  they  occupy,  the  studies  referred  to  have  resulted  in  show- 
ing that  certain  of  the  species  of  the  fresh- water  gill-bearing 
mollusca  of  the  Laramie  period  survived  into  the  Wasatch 
epoch  and  became  an  integral  part  of  the  then  existing  purely 
fresh-water  molluscan  fauna.f  Furthermore,  it  is  well  known 
that  certain  other  molluscan  species  range  through  the  whole 
fresh-water  Eocene  series,  from  the  Wasatch  to  the  Bridger 
Group,  inclusive.  Again,  Professor  Lester  F.  Ward  has  shown 
that  more  than  twenty  species  of  plants  are  common  to  the 
Laramie  and  Green  River  Groups  ;  thus  indicating  that  a  large 
proportion  of  the  species  of  the  Laramie  flora  long  survived  the 
close  of  the  Laramie  period  and  mingled  with  the  floras  of  the 
succeeding  epochs.;]: 

Here  then,  we  have  what  is  regarded  as  satisfactory  proof 
that  the  stratigraphical  series  is  complete  from  the  Laramie  to 
the  Bridger  Group,  inclusive.  And  yet  within  the  vertical 
range  of  that  series  the  remains  of  several  distinct  land  verte- 
brate faunas  are  found,  which  are  not  only  widely  diverse 
in  their  characteristics,  but  seem  to  have  been  introduced 
and  extinguished  with  a  suddenness  that  has  left  us  with  little 
or  nothing  learned  concerning  either  their  ancestry  or  their 
progeny.  ^  Indeed,  a  considerable  proportion  of  the  fossil  verte- 
brate faunas  which  have  been  discovered  in  the  North  Ameri- 
can Mesozoic  and  Cenozoic  strata  are  so  clearly  defined  from 
one  another  by  their  own  distinguishing  characteristics  that 
they  appear  to  have  been  suddenly  introduced  and  as  suddenly 
extinguished.     Moreover  the  diflFerences  in  the  characteristics 

♦See  Bull.  U.  S.  Geol.  Survey  No.  34,  pp.  16,  17;  alao  this  Journal,  III,  i^» 
pp.  411-413. 

+  Bull.  U.  S.  Geol.  Survey,  No.  .S4. 

\  Sixth  Ann.  Report  Director  U.  S.  Geol.  Survey ;  table  covering  pp.  443-514. 
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3f  these  faunas  is  very  great,  even  when  they  are  found  to 
xx;upy  stratigraphical  horizons  so  closely  approximating  each 
)ther  as  to  indicate  that  they  were  not  separated  by  any  con- 
liderable  interval  of  time.  This  condition  of  things  is  suffi- 
iiently  perplexing  from  a  purely  zoological  point  of  view,  but 
t  assumes  an  additionally  serious  aspect  when  these  sudden 
ippearances  and  disappearances  of  peculiar  faunas  are  used  as 
jidices  of  the  exact  limits  of  geological  epochs. 

While  it  is  clear  that  many  faunas  may  have  been  rapidly 
extinguished  by  gudden  changes  in  their  environment,  we  cannot 
idmit  that  any  have  been  introduced  into  a  given  area  with 
anything  like  the  suddenness  that  is  indicated  for  certain  of 
;he  faunas  presently  to  be  mentioned,  except  by  some  physical 
change  that  should  cause  the  enlargement  of  the  area  previ- 
)usly  occupied  by  such  a  fauna,  or  its  transference  from  one 
egion  to  another.  That  is,  it  is  assumed  that  in  case  a  distinct 
auna  has  been  suddenly  introduced  into  any  given  region,  it 
las  been  by  transference  from  some  other  region  which  it  had 
)reviously  occupied,  and  where  its  evolution  had  been  accom- 
>li8hed. 

The  first  of  the  vertebrate  fauna  which  I  shall  mention  in 
his  connection  is  that  of  the  Dinosauria  of  the  Laramie  Group. 
This  is  the  latest  dinosaurian  fauna  which  is  known  to  have 
jxisied  upon  the  North  American  continent,  and  it  is  probably 
.he  very  latest  that  existed  upon  the  earth.  Its  remains  are 
comparatively  rare,  although  large  and  characteristic  forms 
existed  until  the  close  of  the  Laramie  period.  These  dino- 
saurian remains  are  the  only  fossils  yet  found  in  the  Laramie 
&roup  upon  which  has  been  based  the  claim  that  it  is  of  Cre- 
taceous age ;  and  the  character  of  the  plant  and  invertebrate 
remains  in  the  same  formation  is  such  that  but  for  the  presence 
of  the  dinosaurs  no  one  would  have  thought  of  referring  it  to 
any  Mesozoic  period.  The  few  remains  of  dinosaurs  that  have 
been  found  in  the  Laramie  Group  range  up  to  its  uppermost 
strata,  and  the  extinction  of  those  forms  seems  to  have  been 
simultaneous  with  that  of  the  brackish  water  mollusca  whose 
remains  characterize  the  Laramie  Group,  so  far  as  its  inverte- 
brate fauna  is  concerned. 

Professor  Cope  has  published  an  important  mammalian  fauna 
from  certain  strata  in  New  Mexico,  which  he  designates  as  the 
Puerco  Group,  the  position  of  which  is  between  characteristic 
Laramie  strata  beneath,  and  equally  characteristic  Wasatch 
strata  above.  These  Puerco  strata  were  originally  referred  to 
the  Wasatch  Group  and,  as  they  are  also  of  fresh  water  origin, 
and  not  widely  different  in  lithological  character  from  those  of 
the  Wasatch,  which  rest  conformably  upon  them,  it  is  not 
probable  that  any  other  designation   would  have  been  given 
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them  if  they  had  not  been  {ound  to  contain  the  vertebrate 
remains  in  question.*  According  to  Professor  Cope  this 
Puerco  fauna  is,  as  a  whole,  quite  unlike  any  vertebrate  fauna 
that  is  now  known  to  have  either  preceded  or  followed  it  upon 
this  continent ;  although  certain  of  its  types  are  related  to  some 
that  are  found  in  the  Laramie  and  Wasatch  Groujw  respectively. 
Still,  in  consequence  of  the  presence  of  certain  types  which  he 
regards  as  Mesozoic.  Profet^sor  Cope  thinks  the  fauna  possesses 
more  of  a  Cretaceous,  than  of  a  Tertiary  character.  The 
lowest  strata  in  which  the  remains  of  this  fauna  have  yet  been 
found  closely  coincide  in  position  with  the  top  of  the  Laramie 
Group ;  and  they  disappear  suddenly  upon  a  certain  higher 
horizon  which  seems  to  come  within  the  basal  portion  of  the 
Wasatch  Group.  Moreover,  the  known  area  within  which 
this  Puerco  fauna  has  been  found  is  only  a  small  part  of  that 
within  which  the  Laramie  and  Wasatch  groups  occur.  That 
is,  the  Puerco  fauna  has  not  been  recognized  at  the  majority  o( 
the  localities  where  the  Wasatch  has  been  found  overlying  th< 
Laramie.  In  some  of  the  latter  cases  the  two  formations  hav< 
been  found  to  be  closely  connected,  not  only  by  strict  con- 
formity of  the  strata,  but  also  by  an  intermingling  of  their:  ^r 
molluscan  faunas;  and  in  none  of  them  has  any  indication  o-^c^zif 
a  missing  formation  been  observed. 

The  next  vertebrate  fauna  to  be  considered  is  that  of  th^ 
Wasatch  Group,   which   is  a  remarkable  one  for  its  abundai 
variety  and  diversity  of  forms.     All  persons  who  have  studie« 
this  fauna  agree  \\\  regarding  it  as  of  Eocene  age,  including 
it  does  Corypliodont  and  other  distinctly  Eocene  types.     Wit, 
this  refererice  the  plant  and  vertebrate  forms  agree,  except  the 
some  of  the  former  have   been  regarded  as  of  later  Tertiai"^  -^Girj 
types.     The  Coryi>hodont  and  other  Eocene  vertebrate  remaii 
reierred  to  have  been  found  in  the  lowermost  of  the  WasaU 
strata  as  well  as  at  higher  horizons  in  the  group,  and,  as  befor 
said,  some  of  ihe  Laramie  dinosaurs  have  been  found  in  tif 
uppermost  strata  of  the  latter  group. 

Above   the  Wasatch   Group  proper,  the  Coryphodonts  so<^* 
disappear,  and   other  changes  in   the  Kocene  vertebrate  fau" 
gradually  take   place  up  to  the  close  of  the  Bridger  Groi 
Above  the  Bridger  Group  the  vertical  continuity  of  the  int: 
continental  Tertiary  deposits  of  that  western  region  is  brokp 
That  is,  the  later  fresh  water  Tertiary  deposits  were  formed^^ziwi  in 
isolated  basins,  and  they  therefore  do  not  constitute  part  o^zzaof  a 
continuous  series,  with  that  of  the  preceding  deposits.     Cor^^  use- 
quently   the  geological   age  of    those  later  deposits  must     -^:  be 
determined  by  means  of  their  fossil  contents  alone,  without  the 

*  For  a  concise  account  of  the  Puerco  by  Professor  Cope,  see  Am.  Nati 
xix,  p.  985.     See  also  same  volume,  pp.  386  and  493. 
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of  known  stratigraphical  continuity.  As  my  present  object 
to  discuss  certain  of  the  faunas  of  the  preceding  Formations 
h  relation  to  the  order  in  which  the  latter  were  deposited, 
se  later  Tertiary  deposits  will  not  be  farther  considered  on 
)  occasion. 

iVhat  we  now  know  of  the  order  of  succession  of  the  verte- 
te  faunas  which  have  inhabited  that  western  region,  so  far 
that  knowledge  is  necessary  to  the  present  discussion,  may 
briefly  summed  up  as  follows  :  Dinosaurian  life  continued 
il  the  close  of  the  Laramie  period  and  then  suddenly  ceased. 
3  Puerco  mammalian  fauna  was  suddenly  introduced  within 

limited  area  where  its  remains  have  been  found,  and  as 
denly  extinguished  there  about  the  close  of  the  Laramie 
iod  or  the  beginning  of  the  Wasatch.  The  Wasatch  mam- 
lian  fauna  was  suddenly  introduced  in  the  region  under  dis- 
sion  at  the  close  of  the  Laramie  period  and  coincident,  or 
rly  so,  with  the  extinction  of  the  dinosaurs  'or,  at  latest, 
h  that  of  the  Puerco  mammals. 

The  dinosaurs  of  the  Laramie  period  were  evidently  not 
terially  different  in  general  character  from  those  of  the  pre- 
ing  periods ;  and  there  is  no  reason  to  doubt  that  they  were 
set  descendants  of  the  latter.     They  found  a  congenial  habi- 

upon  the  borders  of  a  great  inland  sea  in  the  deposits  of 
ich  their  remains  are  found,  and  until  the  Puerco  mamma- 
1  fauna  was  introduced  into  a  part  of  the  region  which  they 
iupied.  They  also  appear  to  have  continued  their  existence 
at  least  certain  parts  of  their  former  habitat  after  the  intro- 
3tion  of  the  Puerco  fauna,  and  until  the  introduction  of  the 
^usatch  mammalian  fauna  into  the  same  region.  We  have  no 
»itive  evidence  that  the  Laramie  dinosaurs  continued  their 
stence  in  direct  association  with  either  the  Puerco  or 
isatch  mammalian  faunas,  because  no  Dinosaurian  remains 
re  been  found  associated  with  those  of  either  of  the  faunas 
Tied.  The  probabilities  are  that  the  dinosaurs  met  their 
iinction  in  the  struggle  for  existence  which  ensued  upon 
{  introduction  of  one  or  both  the  niammalian  faunas  just 
ntioned. 

S^ow  it  seems  necessary  to  infer  that  these  changes  in  the 
iracter  and  continuity  of  vertebrate  life  were  mainly  due  to 
portant  changes  which  from  lime  to  time  took  place  in  the 
^sical  conditions  of  the  continent.  And  yet  it  is  evident 
it  those  physical  changes  were  not  sufficient  to  interrupt  the 
itinuity  of  either  the  invertebrate  or  plant  life  in  the  same 
;ion,  nor  to  wholly  interrupt  the  continuity  of  sedimentation 
the  intra-continental  waters.  In  short  it  is  quite  evident 
It  the  land  vertebrate  life  of  North  America  has  been  sub- 
t  lo  certain  influences  which  effected  great  changes  in,  and 
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no  doubt  caused  many  extinctions  as  well  as  dispersions  of  its 
faunas,  but  which   produced  little  or  no  efiect  upon  at  least  a 
considerable  part  of  the  contemporaneous  plant  and  inverte- 
brate life.     Concerning  the  nature  of  those  changes  which  thus 
affected  vertebrate  life  our  present  knowledge  is  quite  limited, 
and  much  is  therefore  left  to  conjecture.    The  suddenness,  how- 
ever, with  which  the  remains  of  land  vertebrates  have  succes- 
sively appeared  within   a  great  unbroken  series  of  intra-conti- 
nenial  strata  seems  to  make  it  necessary  to  conclude  that  on 
of  the  results  of  those  changes  was  the  removal  from  time 
time  of    certain  physical  barriers  which  previously  restrict 
the  dispersion  of  those  faunas  respectively. 

I  have  already  given  my  reasons  for  believing  that  the  sedi 
mentation  of  that  great  series  of  strat^i,  from  the  Laramie 
the  Bridger  Group  inclusive,  was  at  no  time  everywhere  e 
tirely  interrupted,  and  that  there  was  for  the  whole  time,  an  ^ 
within  the  region  where  that  series  was  deposited,  an  unbroken  n 
continuity  of  invertebrate  and  plant  life.  If  these  conditioi_-^s 
actually  existed  we  must  necessarily  conclude  tliat  the  Puercz^o 
and  Wasatch  mammalian  faunas  were  both  suddenly  and  inA^  -e- 
piendently  introduced  into  the  r^^gion  where  they  are  nc^w 
lound,  from  some  other  region  where  they  previously  existeA^. 

This  view  of  the  case  shows  the  impropriety  of  regardi^'^cig 
the  earliest  strata  in  which  the  remains  of  a  certain  fauna  h&=^p- 

pen  to  be  found  as  indicating  the  exact  time  of  the  usherjk ng 

m  of  the  epoch  to  which  that  fauna  is  assumed  to  belong.  /  "'"" 
example,  it  is  claimed  by  those  who  have  studied  the  ve 
brate  faunas  of  the  Puerco  iind  Laramie  groups  that  they  ou 
to  be  referred  lo  the  Cretaceous  period  ;  and  they  are  eque: 
positive  that  the  Wasatch  Group  should  be  referred  to 
Eocene.  Now  the  dinosaurian  remains  of  the  Laramie 
known  to  range  up  to  the  uppermost  strata  of  that  group ; 
many  of  ihose  of  the  Coryphodonts  and  other  Eocene  n^— 
mals  have  been  found  in  the  lowermost  strata  of  the  Wasa— tch. 
So  closely  do  these  two  fossil iferous  horizons  come  toget  i^her, 
and  so  evident  is  it  that  sedimentation  was  continuous  t  rom 
the  one  to  the  other,  we  cannot  assume  that  any  considei  'able 
time  elapsed  between  the  deposition  of  the  latest  strata  of  ih^ 

one  group  and  that  of  the  earliest  strata  of  the  other,  not^&^ith- 
standing  the  intervention  of  the  Puerco  fauna  in  a  part  o^C  the 
region  where  both  the  Wasatch  and  Laramie  Groups  are  fecund. 

Here  then,  we  find  the  remains  of  Cretaceous  dinosaurs-^   of  a 
unique  mammalian  fauna,  and  of  a  distinctively  Eocene  r^ia/n- 
malian  fauna,  all  in  an  unbroken  series  of  deposits,  each  occ^tf/?/- 
ing  separate  horizons  which  so  closely  approximate  each  nther 
that  it  is  evident  sufficient  time  did  not  elapse  during  the  rfe- 
position  of  that  portion  of  the  stratigraphical  series  to  bskve 
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>wed  the  successive  evolution  of  the  faunas  in  question. 
2  must  therefore  assume  that  at  least  the  Puerco  and  Wa» 
3h  mammalia  were  developed  somewhere  else,  and  that  they 
re  respectively  transferred  to  the  region  in  which  their  re- 
ins are  now  found. 

The  Puerco  fauna  is  so  unique  in  character  that,  with  our 
sent  limited  knowledge  of  it,  and  our  present  methods  of 
eontological  study,  it  appears  to  mark  an  epoch  in  the  his- 
yr  of  vertebrate  life  of  North  America  of  which  the  inverie- 
te  and  plant  remains,  and  the  stratigraphical  condition  of 
series  of  deposits  in  which  they  occur,  give  no  indication. 
Lt  present  also  we  know  nothing  of  the  immediate  ances- 
of  the  Wasatch  mammalian  fauna,  but  in  view  of  its  highly 
eloped,  diversified  and  distinctive  character,  we  must  con- 
]e  that  it  existed  somewhere,  possessing  essentially  the  same 
racteristics  which  its  known  remains  now  exhibit,  long 
>re  the  earliest  Wasatch  strata  were  deposited.  The  strati- 
phical  conditions  before  referred  to  indicate  so  short  a  time 
the  deposition  of  the  strata  within  the  vertical  range  of 
ch  the  remains  of  these  three  faunas  are  found,  that  it  also 
ais  necessary  to  conclude  that  the  Wasatch  fauna  existed 
lewhere  contemporaneously  with  the  Puerco  mammalia 
31  which  it  diflFers  so  much,  and  also  contemporaneously 
h  the  Laramie  dinosaurs,  from  which  it  diflFers  far  more 
lely.  The  conclusion  tlierefore  seems  to  be  irresistible  that 
faunal  types  which  are  regarded  as  diagnostic  of  the  Eocene 
iod  existed  contemporaneously  with  those  which  are  equally 
gnostic  of  the  Cretaceous  period. 

That  faunas  and  floras  of  Cretaceous  and  Tertiary  types 
►uld  have  existed  contemporaneously  is  not  strange,  for  a 
lilar  diversity  now  exists  as  regards  the  living  faunas  and 
•as  of  diflFerent  parts  of  the  world;  and  they  have  doubtless 
sted  in  a  greater  or  less  degree  ever  since  animals  and  plants 
ne  to  be  widely  diflFerentiated.  It  is  strange,  however,  that 
s  latter  fact  should  be  so  often  ignored  in  discussions  of  the 
ative  ages  of  extinct  faunas  and  floras. 
The  foregoing  remarks  are  confined  mainly  to  cases  in  which 
itinental  faunas  and  floras  are  compared  with  each  other, 
1  with  reference  to  the  usually  accepted  paleontological 
ndard.  The  following  remarks  are  made  with  reference 
the  fossil  faunas  and  floras  of  the  gieat  intra-continental 
posits  of  North  America,  as  compared  with  those  of  presuni- 
y  contemporaneous  sea  coast  deposits.  Ever  since  the  pub- 
ition  of  my  views  as  to  the  inland  character  of  the  sea  in 
ich  the  strata  of  the  Laramie  Group  were  deposited,  they 
m  to  have  been  accepted  without  serious  question ;  and  the 
rely  fresh-water  character  of  the  deposits  which  succeeded 
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the  Laramie,  admits  of  no  doubt  as  to  their  lacustrine  origiiL 
I  have  therefore  referred  to  these  as  intra-continental  deposits, 
and  to  the  remains  which  they  bear  as  those  of  continental 
faunas  and  floras,  as  contrasted  with  marine  faunas.  The  term 
sea  coast  deposits  is  used  in  contrast  with  the  forementioned 
term  which  is  applied  to  the  other  deposits,  and  by  it  is  of 
course  meant  the  well  known  marine  strata,  the  order  of  super- 
position of  which  can  be  more  or  less  satisfactorily  traced  from 
the  earlier  to  the  later  geological  epochs. 

Because  of  the  isolation  of  the  intra-continental  deposits 
they  can  have  no  place  in  any  observed  order  of  superposition 
among  marine  deposits,  and  for  this  reason  they  must  there- 
fore be  studied  separately.  The  great  difference  also  between 
the  aqueous  faunas  of  the  fresh  and  brackish  waters  respec- 
tively in  which  the  former  deposits  were  made,  and  those  of 
marine  waters,  makes  a  chronological  comparison  of  the  two 
categories  of  deposits,  by  such  means,  a  matter  of  great  uncer- 
tainty. This  is  an  additional  reason  for  their  separate  study 
until  satisfactory  data  can  be  obtained  for  their  correlation  with 
marine  formations.  While  I  believe  that  such  correlation,  if 
ever  effected,  must  be  based  mainly  upon  paleontological  data, 
we  ought  to  expect  much  aid  from  lithology  and  physical 
geology,  especially  v/hen  studied  in  connection  with  paleon- 
tology. 

Pursuing  a  consideration  of  the  latter  subject  we  may  rea- 
sonably infer  that  certain  species  among  the  land  faunas  and 
floras  have  occupied  the  region  between  any  given  inland 
sea  or  lake  on  the  one  hand,  and  the  open  sea  on  the  other, 
across  the  whole  intervening  region,  unless  there  were  known 
physical  obstacles  to  such  dispersion.  Therefore  the  remains 
of  such  species  might  easily  occur  in  both  inland  and  coast 
deposits.  That  is,  remains  of  the  same  species  of  land  animals 
and  plants  may  have  been  entombed  in  lacustrine  deposits  on 
the  one  hand  and  estuary  deposits  along  the  sea  coast  on  the 
other,  the  species  having  occupied  the  whole  of  the  interven- 
ing land  area.  The  contemporaneity  of  such  deposits  would 
be  thereby  apparent ;  and  in  my  estimation  such  evidence 
would  be  more  conclusive  than  any  other. 

Still,  as  a  matter  of  fact,  no  correlations  of  intra-continental, 
with  sea  coast  deposits  of  North  America  have  yet  been  accom- 

flished  either  by  such  means,  or  by  any  other  practical  method. 
t  is  nevertheless  true  that  most  of  the  authors  who  have  writ- 
ten upon  the  formations  in  question  have  referred  both  the 
inland  and  sea  coast  series  to  respective  subdivisions  of  the 
geological  scale  which  was  originally  established  for  Europe, 
and  supposed  to  be  of  universal  application,  with  a  confidence 
which  is  onlv  warranted  by  positive  knowledge.     For  example, 
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oertain  deposits  along  our  sea  coasts  are  referred  with  confi- 
nee   by  most   paleontologists  to  the  Eocene,  Miocene  and 
liocene  epochs  respectively,  as  those  epochs  are  recognized 
Among  European  formations.     Oertain  of  our  great  intra-conti* 
xiental  deposits  are  also   referred  to   those  three  epochs  with 
equal  confidence ;  and  yet  no  direct  paleontological  proof  has 
1t>een  adduced  that  any  one  deposit  of  either  of  these  two  North 
American  series  was,   even    approximately,  contemporaneous 
^witb  any  one  of  the  other  series.     By  direct  proof  I  of  course 
mean  that  which  is  furnished  by  specific  identification  of  fossil 
remains  or  derived  from    well  comprehended  phenomena  of 
physical  changes,  as  contrasted  with  theoretical  inferences  de- 
rived from  a  foreign  standard,  and  assumed  to    be   of    rigid 
application   here.     Still,   in  view  of  the  reasonable  hope  tha^t 
great  discoveries  of  fossil  continental  faunas  and  floras  are  yet 
to  be  made,  and  much  concerning  the  physical  geology  of  the 
continent  is  yet  to  be  learned,  we  ought  not  to  despair  of  ob- 
taining some  of  the  direct  proof  which  is  so  desirable.     An 
encouraging  fact  in  this  direction  is  the  one  lately  pointed  out 
by  Professor  Ward  that  four  of  the  species  of  plants  which 
occur  in  the  Laramie  Group  occur  also  in  the  Lignitic  deposits 
of  the  marine  Tertiary  series  of  the  Gulf  States;*  and  when 
the  rossil  floras  of  the  continent  are  thoroughly  known,  much 
more  information  of  this  kind  may  be  expected  from  them. 

Now  in  case  the  specific  identifications  referred  to  should  be 
made,  and  the  contemporaneity  of  the  formations  be  thereby 
proved,  what  effect  ought  that  circumstance  to  have  upon  the 
nomenclature  of   formations   already  recognized  and  named? 
For  example,  the  Laramie  formation  was  deposited  in  a  great 
brackish -water  inland  sea,  and  it  contains  a  characteristic  aque- 
ous fauna  which  is  distinct  from  that  of  any  other  known 
formation.      Other  deposits   were    of   course   simultaneously 
formed  along  the  sea  coasts,  and  perhaps  upon  other  parts  of 
the  continent  also,  all  of  which  contain  remains  of  faunas  that, 
8o  far  as  known,  difl'er  materially  from  those  of  the  Laramie, 
and  also  from  each  other.     Among  those  which  probably  con- 
tain a  flora  similar  to  that  of  the  Laramie  are  the  Eocene  Lig- 
nitic of  the  Gulf  Slates,  and  certain  deposits  upon  ihe  Pacific 
Coast  in  Washington  Territory,  which  have  been  investigated 
to  some  extent  by  Professor  Newberry.     Among  the  marine 
^Formations   which    were    deposited    simultaneously    with    the 
Xiaramie,  is  almost  certainly  a  part  of  the  Chico-T^jon  series  of 
California. 

In  view  of  the  extent  and  importance  of  the  intra-continental 
deposits  of  North  America,  and  the  radical  dillerences  of  their 
fossil  remains  from  those  of  the  marine  formations,  it  is  plain 

♦Sixth  Ann.  Report  Director  U.  S.  Geol.  Survey,  p.  629. 
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that  we  must  range  the  formations  of  this  continent  ander  ttro 
separate  categories,  the  nomenclature  of  each  of  which  shoal^l 
be  kept  distinct,  even  after  their  contemporaneity  may  hav^ 
been  ascertained.  Furthermore,  correlations  between  the  t«r^  V 
categories  should  be  based  primarily  upon  phenomena  observ^^ 
or  observable  upon  this  continent,  for  it  is  now  evident  that »  ^^  ^ 
foreign  standard  will  be  found  adequate  for  this  purpose. 


Art.  XXXVIIL— TVic  Eozoonal   Rock  of  Manhattan  IsUncT     » 

by  L.  P.  Gratacap. 


.  A  BED  of  serpentine  rock  bordering  ihe  western  margin  o^^^ 
New  York  Island   between  55th  street  and  60th  street,  an^^  ^ 
now  for  the  most  part  built  over,  some  years  ago  awakened  t       * 
momentary  interest  from   its  display  of  strips  of  ophio-calcit— ;^:^^* 
which  resembled  the  eozoonal  beds  of  Canada,  and  led  to  soin»  -^^? 
surmises  as  to  their  organic  character.     This  area  of  serpenti^-*^* 
nous  rock,  forming  a  band  enclosed  on  the  west  and  east  b^^^J 
mica  schists  or  a  highly  micaceous  gneiss  and  limited  souih^r:^  "' 
ward  by  a  broad  outcropping  of  granite,  is  gradually  disappear*' -^^^' 
ing  from  view  and   may  at  any  time  become  an  afikir  of  ioca^G^^^' 
record.     At  present  \\A  best  exposure  is  on  the  north  side  c:>       ^j 
59th  street  between  10th  and  11th  avenues,  and  it  can  be  trace* ^^^^ 
to  near  56tb  street,  by  isolated  knobs  appearing  above  the  lev^  "^^^^] 
of  the  sidewalk  and  in  back  yards.     It  was  recently  uncovere^^^*^^ 
lo  some  extent  when  the  cisterns  lor  the  immense  gas-holders  o      -s  oi 
Equitable  Gaslight  Company  were  being  constructed,  and  sonnrwy  «ni^ 
examinations   tlien   made  both   of  the  rock  in   place  and  o  of 

microscopic  sections,  may  i)rove  of  interest  in  view  of  the  ge  ^:>^cn 
eral  attention  given  to  the  discussion  of  the  origin  of  serpentii 
a  discussion  which  seems  to  widen ;  and  to  which  the  later  co< 
tributions  by  Dr.  Becker*  would  seem  to  give  %  new  impetii-r 
This  outcropping  of  serpentine  is  intimately  associated  wi  i 
and    intermingles    wiili    an    acicular   fibrous    partially    altei 
hornblende  or  actinolite,  the   hydrous  anthophyllite  of  Dair 
From  tins  area  were  derived  the  numerous  bowlders  of  iT 
rock  wliich  are  found  to  the  south  as  far  as  the  northern  m  m 
gins  of  Long  Island.     Dr.  L.  D.  Gale,  as  quoted  by  Matli( 
describes  this  anthophyllite  locality  in   the  following  won 
"This  rock  extends  from  59th  street  following  the  strike,  wf 
is  N.  30°  E. ;  varies  from  this  to  due  north  and  south  as  lai 
63d  street,  where  it  dips  down  and  disappears  below  the  ri 

♦  Cretaceous  Metamorphic  Rocks  of  California,  by  G.  F.  Becker,  this  Jou    -»tm/, 
xxxi.  p.  348. 

t  Geological  Survey  of  New  York,  Pt.  4,  p.  681. 
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*he  rock  varies  considerably  in  character  in  diflFerent  places 
here  it  has  been  uncovered,  and  occupies  a  series  of  conical 
ills  some  five  or  six  in  number,  distributed  in  a  northerly 
nd  southerly  direction.  In  some  places,  as  at  60th  street,  it  is 
ilcose  in  structure,  and  may  be  split  into  thin  slabs ;  in  others 
.  is  dark  gray,  almost  black,  composed  of  straight  fibers 
rranged  in  a  columnar  form,  meeting  and  crossing  each  other 
•equentljf  at  right  angles."  He  further  says,  **  it  is  remark- 
ble  that  the  granite  lying  on  the  west  and  the  gneiss  on  the 
ast  of  tne  rock  in  question,  come  in  complete  contact  with  it 
rithout  intermixing.  So  remarkable  is  the  line  of  separation 
»n  the  side  next  to  the  gneiss,  where  there  is  the  best  oppor- 
anity  to  examine  the  two,  that  within  the  space  of  three 
nches,  each  rock  possesses  all  of  its  own  peculiarities,  with 
lone  of  those  of  its  neighbor."  In  speaking  of  the  serpentine, 
le  says,  *'in  the  same  vicinity  are  found  masses  of  serpentine 
md  limestone  intermixed  exhibiting  a  porphyritic  appearance, 
the  serpentine  appearing  green  and  the  limestone  white;"  this 
refers  to  the  eozoonal-like  portions  which  would  seem,  so  far  as 
their  microscopic  appearance  goes,  to  easily  warrant  their  refer- 
ence to  a  close  relationship  with  the  Canadian  rock  containing 
that  debateable  organism. 

Cozzens,  in  his  Geological  History  of  Manhattan  or  New 
York  Island  (1843),  p.  12,  refers  to  this  locality,  saying,  **  be- 
tween 54th  and  62d  streets,  the  shore  and  10th  avenue,  there 
are  four  or  more  small  knolls  of  black  serpentine,  with  scales 
of  silvery  or  golden  talc,  accompanied  by  a  vein  of  anthophyllite 
about  twelve  feet  wide.  This  vein  is  in  a  vertical  position. 
At  the  north  end  of  the  serpentine  proper,  this  anthophyllite 
shows  itself  in  two  places,  in  place;  one,  on  the  rising  ground, 
ind  near  the  sienite,  the  other  at  high-water  mark  on  the  shore, 
^ctinolite  is  found  imbedded  in  the  anthophyllite.  The  ser- 
>entine  locality  commences  where  the  granite  ends.  At  the 
outh  end  there  is  a  vein  of  carbonate  of  lime.  This  carbonate 
rf  lime  has  many  small  specks  of  serpentine  diflFused  through 
t,  and  forms  a  kind  of  *  verd  antique,'  which,  when  polished, 
nakes  handsome  specimena" 

These  early  observers  speak  of  the  association  of  the  serpen- 
ane  with  hydrous  anthophyllite,  and  this  association  points 
rignificantly  to  the  origin  of  the  serpentine  itself.  This  bed  of 
terpentine  is  in  all  probability  an  altered  amphibole  or  horn- 
t>lende  schist  and  the  "  porphyritic,"  "  verde  antique,"  eozoonal 
portions,  the  products  of  such,  are  alterations  produced  under 
conditions  of  strain  and  pressure,  accompanied  by  aqueous 
infiltrations.  I  have  not  seen  the  vein  of  anthophyllite 
alluded  to  above,  but  on  visiting  the  locality  on  59th  street, 
where  a  ledge  rises  up  in  a  mound-like  prominence,  I  found 


876     OraUtcap—Eazoonal  Rock  of  ManAaOan  IdantL 

antbophrllite  in  masses,  apparently  recently  blasted  and  n- 
moved  ^om  their  beds  of  place,  with  which  was  seen  actiiiolitB 
largely  serpentinized.     An  ezaminatioD  of  the  hill  showed  i 
vertical  face  where  Eozoon  structure  (ophio-calcite)  waa  seentt 
a  number  of  points.     It  appeared  in  seam-like  bands,  expani* 
ing  ID  some  plnces  and  contracting  at  others,  forming  an  irreg- 
ular scattered  prolongation  of  parts,  varying  in  grain  from  fitw 
to  coarse,   the   former   accompanying  an  apparent   flexure  « 
contortion  of  the  original  stratum.     On  the  south  side  of  69tli 
street,   where   the  excavations  were   being   made,   mentioned 
above,  nn  exposure  of  the  serpentine  bed  was  accessible  where 
the  ophio-calciie  was  seen,  frequently  presenting  a  seam-like 
appearance,  contracting  tQ  narrow  bands  and  again  developed 
in  broader  sections,  while  sometimes  it  sporadically  occapied 
nests  or  spots  enclosed  in  the  surrounding  rock.     Away  from 
these  parts  the  serpentine  was  fibrous  or  micaceous. 

Should  any  one  feel  disposed  to  refer  these  eozoonal-Iike 
portions  (tig.  7)  to  an  organic  origin,  the  extended   irregular 


vein-like  parallel  strips,  which  they  present,  would  form  a 
seemingly  strong  objection  to  such  a  reference.  Coralline 
bodies  occur  in  reefs  or  reef-like  lines,  but  this  mosaic  of  ser- 
pentine and  caluite  has  nothing  coralline  about  it  in  any  sense, 
and  when  placed,  as  it  only  can  be  placed,  on  the  assumption 
of  its  zoological  uffinitiea,  with  the  protozoa  or  metazoa,  it 
repels  all  analogies  with  any  thing  in  those  classes  of  animal 
life,  by  its  linear  extent,  the  actual  length  of  these  broken 
strings  of  ophio-caieile,  being  in  the  exposed  sections,  from  10 
to  20' feet.* 

The  films  of  this  "  yerde  antique"  are  not  horizontal,  but 

*  It  is  tnio  that  ProfesBor  Hyatt  (Science,  vol.  vi.  p.  38G)  epeaka  of  Hpongoid 
bodies  Arckaocytxtlaie,  Etlimopliyltum,  etc.,  as  probsbly  the  reef-builders  of  tho 
primordial  seas,  so  that  linear  eitent  merelj-  might  not  precluds  the  poesibiliq^  of 
the  eozoooal  rock  being  referred  to  an  organic  origin.  But  when  in  connection 
with  their  length  these  eozoonal  veins  hnvc  only  a  moderate  width  of  a.  few 
inches  ihoir  reference  to  the  reef-like  maasea  of  epongea  seems  incredible. 
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liae  and  fall  as  it  they  had  undergone  plication,  bat  so  strongly 
do  they  saggest  the  quartz  or  granite  veins  foiind  in  the  foldea 
gneiBs  layers  of  the  island,  that  their  origin  may  be  connected 
with  this  very  plication, 'the  incipient  change  in  the  original 
hornblende  schist  having  been  induced  at  the  moment  of  fold- 
ing, the  alteration  involving  the  change  of  the  hornblende  to 
SMpentine,  with- the  ezclasioa  of  lime,  which  through  the 
action  of  percolating  waters  finally  filled  the  interstitial  spaces 
aa  calotte. 

An  examination  of  the  thin  microscope  slides,  made  of  sec- 
tions of  this  ophio-calcite,  proved  very  satisfactorily  the  change 
of  the  hornblende  into  serpentine,  threw  some  light  upon  tlie 
process  of  change,  and  lent  some  support  to  the  view  of  the 
s^r^ated  charact«r  of  the  calcite. 

Groups  of  hornblende  crystals  were  constantly  encountered 
surrounded  by  the  serpentine  (figs.  6,  6),  while  in  these,  phases 


of  alteration  were  detected  and  separated.  The  change  of  the 
hornblende  to  serpentine  seemed  to  be  freqaently  preceded  by 
a  breaking  up  of  the  hornblende  into  fibers,  giving  the  blade 
a  striated  appearance,  while  the  serpentine  granules  develop 
along  these.  In  some  cases  the  hornblende  blade  is  replaced 
in  patches  by  serpentine,  against  which  the  remaining  fibrous 
Bnbstance,  partially  changed,  but  not  deprived  of  its  aeicnlar 
appearance,  abuts  with  a  crenulated  margin.  A  second  method 
of  change  seems  to  consist  in  a  sort  of  exfoliation,  the  horn- 
blende stripping  up,  the  alteration  entering  from  all  sides 
with  no  apparent  physical  change,  to  the  condition  of  asbestus. 
In  this  second  process  the  hornblende  presents  an  eroded 
appearance  and  frequently  shows  minute  cavities,  the  whole 
aipect  being  not  dissimilar  to  that  of  a  melting  fragment  or 
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pellicle  of  ice.     In  one  instance  a  section  displayed  a  pavement 
of  hornblende  enclosing  a  strip  of  serpentine  with  a  plentifi/i 
sprinkling  of  magnetite,  and  in  another  example,  an  interesting 
illustration  of  the  change  of  the  hornblende  to  serpentine,  was 
observed  where  a  long  fiber  of  the  actinolite  (f)  was  altered  to 
serpentine  at  nearly  equal  lengths  throughout  its  extent.    The 
alteration  started  from  minute  transverse  breaks  and  progressed 
on  either  side  for  a  short  distance  into  the  substance  of  the 
crystal.     The  unchanged  portions  of  the  amphibole  separating 
these  serpentinized  joints,  gave  the  fragment  the  appearance  of 
an  equisetum  (fig.  2).     This  was  repeated  less  strikingly  in  the 
same  section   over   its   entire  surface.     Again  aggr^tes  of 
viridite  or  chlorite  were  seen  scattered  over  the  serpentine  in 
one  slide  (fig.  4),  a  possible  phase  in  the  change  of  the  horn- 
blende to  serpentine  or  a  secondary  product  of  its  alteration. 

The  formation  of  the  calcite  in  an  interrupted  manner  seemed 
clearly  shown  in  many  instances,  as  where  two  irregularly 
interlocked  areas  of  this  mineral  were  seen  with  ther cleavage 
lines  of  one  section  abruptly  terminating  at  the  margin  of  the 
other  (fig.  1).  This  would  lead  to  the  inference  that  the  depo- 
sition of  the  two  parts  was  not  simultaneous  and  lend  support 
to  the  view  of  the  intermittent  secretion  of  the  calcite  from 
aqueous  solutions,  in  the  interstices  of  the  serpentinl&ed  bom- 
blende.  Lacunae  of  calcite  appear  irregularly  through  the 
serpentine,  the  ragged  and  spiculate  edges  of  the  serpentine 
yielding  inwards,  while  in  some  instances  a  semi-dark  line 
marking  a  change  of  thickness,  separated  an  interior  core  of 
calcite  from  the  border  contiguous  with  the  serpentine,  an  indi- 
cation of  intermittent  secretion. 

The  examination  of  these  sections  leaves  little  room  for 
doubt  that  a  bed  of  hornblende  rock  has  undergone  a  conver- 
sion more  or  less  complete  into  serpentine,  and  that  along  lines 
of  strain  incident  to  its  folding,  where  thermal  conditions  of  an 
intense  character  were  developed,  accompanied,  or  perhaps  suc- 
ceeded by  the  introduction  of  water,  the  change  has  been  per- 
fected most  rapidly  and  has  been  assisted  by  the  elimination  of 
lime  carbonate  as  calcite,  and  probably  in  some  cases  the  doable 
carbonate  of  lime  and  magnesia  as  dolomite. 


Art.   XXXIX. —  2erminal  Moraines  in  Maine;    by  GbOBG* 

H.  Stone. 

One  of  the  most  obvious  features  of  the  glacial  drift  of 
Maine  is  its  unequal  distribution.  Many  of  the  multifonn 
ridges  and  heaps  of  till  which  abound  in  the  State  may  p&f* 
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.ke  of  the  natare  of  medial  and  terminal  moraines.  In  olas- 
fying  these  deposits  it  will^be  needful  to  distinguish  accumu- 
tions  of  till  which  were  formed  beneath  or  within  the  ice-sheet 
cm  superficial  accumulations  which  were  the  result  of  the 
Kjal  movements  sure  to  occur  during  the  unequal  melting  of 
le  retreating  glacier.  We  know  so  little  as  to  the  nature  of 
le  work  going  on  in  the  lower  portion  of  an  icesheet  that  this 
isti notion  is  a  difficult  one  to  make.  Omitting  a  great  num- 
er  of  doubtful  cases,  there  are  a  few  places  in  the  State  where 
le  till  is  piled  in  narrow  ridges  wnich  lie  transverse  to  the 
irection  of  glaciation  and  which  so  clearly  have  the  form  and 
omposition  of  terminal  moraines  that  they  must  be  regarded 
8  having  been  formed  at  the  end  of  a  moving  mass  of  ice.  In 
ome  cases  kames  also  appear  to  have  been  deposited  at  the  ice- 
ront  and  thus  were  practically  a  part  of  the  terminal  moraine, 
»ut  they  are  omitted  from  this  list.  So  far  as  I  know  the  fol- 
owing  list  includes  all  of  these  formations  in  tlie  State  con- 
ierning  which  the  evidence  is  reasonably  conclusive 

1.  Hie  moraines  of  the  local  Androscoggin  Olacier, — After  the 
;reat  ice-sheet  was  so  far  melted  that  the  general  movement 
teased,  there  was  still  for  a  time  sufficient  ice  in  the  White 
iiountain  region  to  cause  a  glacier  to  flow  eastward  along  the 
ralley  of  the  Androscoggin  River,  as  far  as  West  Bethel, 
liaine.  This  local  glaciation  was  first  described  by  Professor 
}.  L.  Voseand  Professor  A.  S.  Packard  in  the  first  and  second 
volumes  of  the  American  Naturalist,  afterwards  by  Professor 
1  H.  Hitchcock  in  the  N.  H.  Geological  Reports;  and  briefly 
)y  the  writer  in  the  American  Naturalist  for  April,  1880.  The 
Q06t  remarkable  terminal  moraine  of  this  glacier  is  at  the  great 
>end  of  the  Androscoggin  near  the  boundary  between  Shel- 
>urne,  N.  H.,  and  Gilead,  Me.  No  one  who  sees  this  can  hesi- 
ate  to  regard  it  as  a  true  terminal  moraine  of  a  local  valley 
:lacier. 

2.  At  Beadfield  Village, — In  the  western  part  of  Readfield 
illage  (near  the  woolen  mill)  is  a  confused  series  of  hum- 
Qocks  and  short  ridges  extending  from  north  to  south  across 
he  valley  of  the  small  stream  on  which  the  mills  are  situated, 
i'rom  this  point  the  valley  continues  nearly  west  for  about  one 
oile  when  it  turns  northward  and  soon  widens  into  a  valley 
?bich  resembles  a  mountain  cirque.  This  wider  valley  appar- 
intly  was  filled  with  ice  which  nowed  down  the  narrow  valley 
o  Readfield  village.  At  several  places  along  the  valley  are 
nasses  closely  resembling  lateral  and  semi-terminal  moraines. 
Sit  the  woolen  mill  tlie  valley  proper  is  only,  about  one-eighth 
>f  a  mile  wide.  The  morainal  hummocks  are  chiefly  made  up 
>f  till  which  is  somewhat  coarser  and  more  sandy  than  the 
>rdinary  till  of  the  region,  as  if  slightly  water-washed.     In  a 
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few  places  along  the  roads  the  deeper  cuts  show  masses  of  strati- 
fied sand  and  gravel  underneath  unstrati6ed  till,  and  these  sedi- 
ments are  in  some  cases  plainly  cross-bedded.  There  are  no 
signs  of  a  land-slide  here,  indeed  the  slopes  of  the  neighboring 
hills  are  too  gentle  for  that.  Are  these  hummocks  the  work  of 
the  great  icesheet  or  of  a  local  glacier?  There  are  in  Maine 
very  many  deep  sheets  and  ridges  of  till  left  by  the  ice-sheet 
across  east  ana  west  valleys,  but  these  hummocks  in  question 
are  a  diflFerent  kind  of  ridge  from  the  gently  sloped  ridge  6f 
ice-sheet  construction.  If  these  small  and  steep  masses  are 
remains  of  a  broad  sheet  of  till  irregularly  erodea,  then  in  the 
depressions  between  the  hillocks  there  ought  to  be  found  an 
abundance  of  the  larger  stones  and  bowlders  of  the  till,  such 
as  are  found  in  the  present  bed  of  the  stream. 

About  one- third  of  a  mile  east  of  this  point  and  at  neariy 
the  same  elevation  above  the  sea  (215  to  230  teet),  there  is  at 
the  Fair  Ground  a  terrace  of  stratified  sand  and  silty  clay.  No 
fossils  have  been  found  in  these  beds,  but  at  Winthrop  v  illage 
and  at  an  elevation  only  a  few  feet  less,  marine  shells  are  com- 
mon in  sedimentary  clay.  It  thus  appears  that  in  Champlain 
time  the  sea  extended  from  the  Kennebec  Bay  of  that  period 
westward  to  Winthrop.  But  Winthrop  and  Readfield  are  at 
opposite  ends  of  Lake  Maranocook  and  if  the  sea  extended  to 
Wmthrop  it  would  necessarily  reach  to  Beadfield  unless  kept 
back  by  a  barrier  of  ice.  Probably  the  sedimentary  beds  at 
and  near  the  Fair  Ground,  Readfield,  were  Champlain  shore 
deposits  and  the  hummocks  of  mixed  till  and  sediments  in  the 
western  part  of  the  village  were  formed  where  the  local  valley 
glacier  confronted  the  narrow  arm  of  the  sea. 

3.  The  Swan  Island  Moraine, — Swan  Island  is  an  island  in  the 
Kennebec  River.  It  begins  near  Richmond  and  extends  for 
about  four  miles  southward.  About  one  and  one-fourth  miles 
from  the  southern  end  and  on  the  eastern  side  of  the  island  is 
an  east  and  west  ridge  about  one-fourth  mile  long  that  is  prob- 
ably a  terminal  moraine.  It  appears  to  have  suffered  consid- 
erable surface  erosion  by  the  Champlain  sea.  A  short  kame 
is  found  near  the  western  end  of  this  ridge.  The  marine  clays 
cover  the  flanks  of  both  kame  and  moraine  so  as  to  disguise 
their  relations  to  each  other. 

4.  The  SdhattisvUle  Moraine, — A  short  distance  south  of  the 
bridge  at  Sabattisville  is  a  two-sided  ridge  of  till  which  ex- 
tends for  a  little  more  than  one-eighth  of  a  mile  across  the  val- 
ley of  the  Sabattis  stream.  The  ridge  rises  from  eight  to 
fifteen  feet  above  the  plain  of  marine  clay  and  is  composed  of 
quite  sandy  till,  as  if  gently  water-washed.  The  steepness  of 
the  ridge  on  both  sides  and  its  east  and  west  direction  mark  it 
as  a  terminal  moraine.     The  ridge  is  partly  within  the  village, 
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and  considerable  of  it  has  been  removed  within  the  past  few 
years. 

5.  The  Machias  Moraine. — This  is  situated  about  five  miles 
south  of  Machias  village,  near  the  first  fork  of  the  road  found 
in  going  in  that  direction.  It  extends  from  Englishman's 
Biver  northeastward  for  about  three-fourths  of  a  mile  to  near 
an  arm  of  the  sea.  It  is  interrupted  for  a  few  rods  by  a  swamp 
and  a  small  hill  and  then  begins  again.  The  part  most  clearly 
a  terminal  moraine  lies  west  of  the  road  leading  south  from 
Machias.  It  is  a  ridge  which  rises  rather  steeply  on  each  side 
to  a  height  of  from  fifteen  to  twenty-five  feet  above  the  plain 
of  marine  clay  in  which  it  is  situated.  At  one  place  the  de- 
posit is  wider  and  is  double,  the  two  ridges  being  separated  by 
a  shallow  depression  which  is  not,  however,  a  kettle-hole.  The 
southern  slope  of  the  ridge  shows  many  bowlders  from  one  to 
four  feet  in  diameter,  while  just  beyond  the  crest  on  the  north- 
ern slope  are  several  feet  of  stratified  sand,  gravel  and  pebbles. ' 
This  probably  was  the  result  of  the  Champlain  surf  which 
broke  on  the  southern  slope  and  washed  the  finer  drift  over 
the  ridge  beyond  the  reach  of  the  undertow  and  left  it  strati- 
fied on  the  northern  slope.  At  least  the  western  portion  of 
this  formation  must  be  a  terminal  moraine,  though  somewhat 
different  from  some  of  the  others  here  described. 

6.  The    Waldoboro  Moraine. — This  is  somewhat   more   than 
five  miles  long,  with  a  few  short  gaps. 

On  the  west  this  moraine  appears  to  begin  a  short  distance 
west  of  Winslow*s  Mills,  a  way  station  of  the  Knox  and  Lin- 
coln railroad,  situated  about  three  miles  northwest  of  the  vil- 
lage  of  Waldoboro.  These  mills  are  on  the  Medomac  River,  a 
stream  about  twenty-five  miles  long,  which  empties  into  the 
sea  at  Waldoboro.  For  several  miles  north  of  Winslow's  the 
Medomac  has  been  flowing  nearly  south  through  a  gently  roll- 
ing plain,  but  near  the  mills  the  valley  is  encroached  upon  by 
a  hill  which  here  rises  on  the  eastern  side  of  the  stream  to  a 
height  of  about  200  feet  above  the  sea.  This  hill  slopes  north- 
ward and  within  a  mile  sinks  to  a  level  with  the  Medomac. 
On  the  west  of  the  stream  there  is  a  moderately  steep  slope, 
but  the  hill  is  not  so  high  as  that  on  the  east  siae  of  the  valley. 
The  moraine  appears  to  begin  on  the  slopes  of  this  hill  about 
one-fourth  of  a  mile  west  of  the  Medomac  and  at  an  elevation 
of  about  seventy  feet  above  the  stream.  There  are  here  three 
nearly  parallel  ridges,  the  most  southern  one  being  only  a  few 
rods  long  and  eight  to  ten  feet  high.  The  steepness  of  the 
slopes  of  these  ridges  and  their  irregular  outline  is  in  marked 
contrast  with  the  flowing  curves  and  rounded  outlines  of  the 
granitic  till  of  this  region.     The  two  more  northern  moraines 
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extend  eastward  across  the  valley  and  climb  the  slopes  of 
hill  beyond.  They  show  several  short,  gentle  zig-zags 
their  general  course  across  the  valley  is  curved,  the  con 
side  bein«  to  the  north.  They  are  nearly  parallel  and  oi 
few  rods  apart  The  more  northern  of  these  moraines  is  ra 
discontinuous,  consisting  of  a  well-defined  system  of  ri 
separated  by  low  places  in  the  ridge  or  by  short  gaps, 
mills  and  the  dam  are  built  on  the  line  of  this  moraine, 
composed  of  a  somewhat  sandy  till,  ^)ell-me]l  in  structure 
erall}^,  but  in  places  faintly  stratified  and  partially  w 
washed,  a  sort  of  transition  into  kame  sand  and  gravel, 
more  ^uthern  of  the  two  long  moraines  is  higher  and  i 
continuous  than  the  northern  one.  It  rises  from  ten  to  tw 
feet  above  the  marine  clay  of  the  valley  and  has  been 
through  by  the  railroad  to  a  depth  of  about  fifteen  feet, 
composed  of  till  which  contains  much  fine  clay  and  shows 
or  no  signs  of  water- wash,  and  it  affords  a  much  larger  pre 
tion  of  well-scratched  stones  than  do  the  surface  layers  oi 
ordinary  till  of  that  locality.  A  few  rods  east  of  the  mil 
a  pit  whence  much  rounded  gravel  has  been  taken.  Thee 
vation  shows  the  till  of  the  terminal  moraine  overlying 
gravel  and  rounded  cobbles.  This  gravel  is  part  of  a  sy 
of  glacial  or  **  kame  "  gravels  which  extends  from  Waldo 
about  five  miles  northward,  most  of  the  way  lying  near 
Medomac.  It  is  one  of  the  discontinuous  systems  of  ki 
characteristic  of  that  part  of  Maine — consisting  of  short  ri 
like  kames  yet  arranged  in  long  north  and  south  lines 
osars.  The  domes  or  ridges  are  separated  by  gaps  of  fr( 
few  rods  up  to  one-fourth  o£  a  mile  or  more.  Of  course 
part  of  this  kame  system  which  is  south  of  the  terminal 
rain  OS  must  have  been  deposited  before  the  recession  of  th( 
northward  to  Winslow's  Mills.  Even  to  the  north  of  this  \ 
the  main  line  of  kames  does  not  show  an  immediate  chan^ 
character  and  it  too  was  probably  formed  before  the  reces 
of  the  ice  and  deposition  of  the  moraines.  But  east  of 
main  system  of  kames  and  north  of  the  moraines  are  a  nur 
of  low  scatter^!  kame  hummocks  and  short  ridges  some> 
parallel  to  the  terminal  moraines  and  probably  contempor 
ous  with  them,  at  least  with  a  part  of  them. 

I  looked  with  especial  care  for  exposures  showing  the 
tive  positions  of  the  moraines  and  the  marine  clay.  The  C\ 
plain  clay  is  much  thinner  in  this  valley  than  in  that  of 
Kennebec.  Many  of  the  kame  ridges  along  the  Medo 
are  plainly  overlaid  by  the  clay,  but  no  fresh  exposure  c< 
be  found  showing  the  relations  of  the  moraines  to  the  c 

I  The  surface  indications  were  that  the  clay  overlies  the  bas 
""     moraines.     My  exploration  was  incidental  to  other  v 
did  not  permit  excavation. 
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tiS  before  stated  the  moraines  climb  the  hill  on  the  east  side 
the  Medomac.  They  rise  to  a  height  of  about  100  feet 
3ve  that  stream.  The  more  northern  moraine  soon  almost 
lappears,  but  the  southern  ridge  is  conspicuous  for  about  one 
le.  It  is  a  two-sided  ridge,  its  southern  slope  being  as  steep 
moraine  stuff  will  lie,  and  for  a  part  of  the  way  the  northern 
pe  is  nearly  as  steep.  The  ridge  everywhere  contains  more 
elders  than  the  ordinary  till  of  the  region.  Many  of  these 
aiders  are  from  five  to  fifteen  feet  in  diameter.  The  moraine 
»  from  ten  to  twenty  feet  and  is  of  variable  width,  in  a  few 
ces  being  ten  rods  wide,  usually  narrower.  For  a  short  dis- 
ce  it  serves  as  a  natural  roadway  through  a  swamp,  and  is 
sdly  known  as  the  old  railroad  grading.  It  here  rises  steeply 
31  eight  to  fifteen  feet  on  each  side,  and  is  so  narrow  that 
re  is  just  room  enough  for  a  log  road  on  the  top.  The  ma- 
al  is  here  very  coarse ;  in  fact  the  ridge  is  simply  a  wall  of 
V'lders.  A  short  distance  east  of  this  swamp  the  moraine  dis- 
>ears  near  the  eastern  brow  of  the  hill,  but  begins  again 
mt  one-fourth  of  a  mile  to  the  southeast.  The  topography 
the  country  accounts  satisfactorily  for  this  gap.  The  hill,  on 
east  side,  overlooks  the  valley  of  Meadow  brook,  a  small 
^m  which  flows  northwestward  intb  the  Medomaa  Also 
re  is  a  valley  which  extends  nearly  north  from  the  gap  in  the 
raine.  Two  favorable  lines  for  ice-flow  converged  at  this 
nt.  Naturally  the  deeper  ice  of  the  valley  reached  a  point 
ther  south  than  the  thinner  ice  which  abutted  against  the  hill 
the  west  of  Meadow  brook,  and  its  moraines  are  larger.  Af- 
passing  the  gap  we  come  upon  the  moraines  on  the  eastern 
pe  of  this  hill  at  a  height  of  about  75  feet  above  Meadow 
'ok.  There  are  here  several  nearly  parallel  ridges  extending 
tward,  also  a  line  of  hummocks  reaching  northward  along 
base  of  the  hill  for  a  short  distance.  They  are  all  well 
inkled  with  large  bowlders.  .  The  moraines  cross  the  road 
iing  from  Waldoboro  to  North  Waldoboro  at  Benner's  mill, 
Meadow  brook,  the  road  passing  through  a  narrow  gap  in 
ridges.  East  of  this  road  the  several  ridges  unite  into  a  sin- 
ridge  which  rises  steeply  on  each  side  from  30  to  60  feet, 
s  here  locally  known  as  **  The  Ridge,"  and  in  form  resem- 
8  the  osars.  A  broad  and  flat  deposit  of  glacial  gravel  begins 
5w  rods  south  of  the  moraine  and  extends  for  about  one  mile 
thward  along  the  road  to  Waldoboro.  I  could  not  trace  the 
ne  quite  to  the  moraine,  though  it  nearly  reaches  the  end  of 
5  of  the  outlying  ridges  which  are  found  west  of  the  road, 
e  marine  clay  here  overlies  the  kame  and  appears  to  overlie 
base  of  the  moraine. 

&.  short  distance  east  of  Benner's  Mill  the  moraine  curves 
und  from  east  to  northeast,  and  within  less  than  two  miles 
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comes  out  to  the  road  leading  northw.krd  from  Waldoboro  i 
UnioB  village.  This  road  is  made  on  top  of  the  ridge  formoi 
than  one  mUe,  part  of  the  war  through  a  somewhat  swamp;  i 
gion  which  would  be  difficult  of  passage  but  for  the  natur 
embankment.  Here  also  the  marine  clay  appears  tooverlietl 
base  of  the  moraine.  Approaching  the  east  line  of  the  town 
Waldoboro  this  road  is  about  one-eighth  of  a  mile  north  ot  tl 
moraine,  which  becomes  lower  and  less  continuous,  and  seen 
to  end  within  a  short  distance  from  the  line  between  Wald 
boro  and  Warren.  Il  ends  within  about  one-fourth  of  a  mi 
from  the  osar  system  which  extends  from  Palermo  to  ne 
Warren  station  on  the  K.  &  L.  B.  R.  To  the  east  lies  a  lev 
country  for  a  half  mile  or  more,  so  that  it  is  not  cut  off  by  a  li 
of  hills  or  other  obvious  barrier  in  that  direction. 

The  country  lying  east  of  the  Medomac  river  and  nor 
of  the  moraine  is  diversified  by  numerous  low  hills,  or  p* 
haps  it  had  better  be  6 
scribed  as  a  rolling  plun. 
estimated  that  few  if  any  < 
these  hills  rose  more  tba 
about  100  feet  above  the  sa 
rounding  level.  The  hil' 
did  not  cause  a  gap  in  tb 
moraine  except  at  two  c 
thrte  points.  The  countr 
rock  weathers  so  rapidlj  tb* 
the  gincial  scratches  haddi: 
appeared  from  all  the  e3 
posed  ledges  observed.  Th 
direction  of  glnciation  nee 
the  moraine  therefore  w£ 
not  determined.  Some  lai^ 
ridges  and  heaps  of  till  ai 
found  about  a  mile  north  ■ 
the  end  of  this  moraine,  bi 
their  origin  is  uncertJiin. 

The  elevation  of  the  Wy 
doboro  moraine  is  such  th 
if  it  was  deposited  at  tl 
time  when  the  sea  stood  at  its  highest  level  during  the  Chat 
plain  epoch,  it  must  have  been  formed  at  a  depth  of  from  i 
to  175  feet  below  the  surface  of  the  water.  I  did  not  fie 
a  good  section  showing  clearly  the  relations  of  the  morait 
and  the  marine  clay.  Excavation  will  perhaps  be  needed  i 
order  to  determine  this  important  point.  In  the  absence  c 
conclusive  evidence  as  to  the  time  of  the  formation  of  the  m' 
mine,  we  can  only  avail  ourselves  of  indirect  evidence.     I 
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general  the  moraine  contains  a  much  larger  proportion  of  clay 
and  fine  material  than  the  terminal  moraines  of  the  Andros- 
^^S^Q  glacier,  a  fact  which  favors  the  theory  that  it  was  formed 
in  the  water  where  the  ice  confronted  the  ocean.  There  are 
hills  to  the  sooth  of  the  moraine  high  enough  to  have  formed 
islands  in  Champlain  time.  If  the  ice  met  the  sea  at  the  place 
of  the  terminal  moraine,  both  ihe  ice  and  moraine  would  be  par- 
tially protected  by  these  si^pposed  islands  from  the  force  of  the 
Atlantic  waves.  If  the  moraine  was  deposited  before  the  water 
J'ose,  then  it  would  twice  be  under  the  surf  during  the  rising 
And  falling  of  the  sea.  If  so,  then  the  protection  of  the  islands 
ttiust  have  been  very  perfect,  for  there  are  few  signs  of  marine 
wash  on  the  moraine.  It  seems  more  likely  that  the  sharpness 
of  outline  of  the  ridge  is  due  to  the  fact  that  it  was  deposited 
^nder  the  sea,  and  only  once  has  been  under  the  action  of  the 
surf.  Other  considerations  might  be  stated  which  favor  the 
hypothesis  that  the  moraine  was  formed  at  a  time  when  the  sea 
s^^xl  at  a  much  higher  level  than  now,  but  discussion  of  the 
subject  is  postponod  until  after  further  study  in  the  .field.  On 
^fje  whole,  I  consider  it  probable,  but  not  certain,  that  the  ice 
"ere  flowed  into  the  sea  at  the  time  the  moraine  was  being, 
formed. 

Several  lines  of  high  hills  cross  the  state  of  Maine  from  S. 

.*^.   to  N.E.,  transverse  to  the  line  of  glaciation.     The  low  cols 

^^  titese  hill-systems  often  served  for  the  passage  of  the  kame 

*^^  osar  rivers,  and  they  are  also  often  bordered  by  many  irreg- 

^J^r  masses  of  till.     These  are  not  steep,  transverse  ridges  like 

*nose  above  described,  but  are  somewhat  gently  sloped  heaps  of 

'^^••ious  shapes  and  they  lie  in  various  directions.    As  the  inter- 

P'*^tation  is  doubtful,  no  detailed  account  of  them  is  here  given. 

^^^lorado  SpriDgs,  December,  1886. 


'^^^T.  XL. — Note  on  ihe  enlargement  of  Hornblendes  and  Augites 
"»Vi  Fragmental  and  Eruptive  Rocks  ;  by  C.  R.  Van  Hise. 

(Published  by  permission  of  the  Director  of  the  Geological  Survey.) 

In  the    number   of  this    Journal    for   September,    1885,  I 

*^8cribed  the  enlargement  of  hornblende  fragments  in  certain 

^nglomerates  of  northeastern  Minnesota,  showing  that  grains 

^f  hornblende,  after  deposition  in  a  sedimentary  rock,  may, 

Under    favorabhe    conditions,   continue   their    growths.      The 

chief  object  of  the  paper  was  to  show  that  enlargements  of  this 

sort  may  help  to  produce  in  fragmental  rocks  the  condition 

ordinarily  known  as  metamorphic.     Entirely  similar  enlarge- 

intents  of  hornblende,  but  in  massive  eruptive  rocks,  are  described 
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\tj  Priedrich  Becke  id  TKbennsk's  Min.  and  Petr.  UittlL,  vdX. 
V,  pftrtii,  188S,  in  a  paper  entitled  "  Eraptivgestwne  anld»v 
GhieiflrforniBUon     dei    niedertetflireicbiMiDen     WaldrierteU* ' 
The  following  qaotationa  and  figares  are  from  this  paptr  = 
"  Die  primKren    compacten  Horoblende-Kryatalle   aiod  nh^ 
hKaflg  TOD  einer  Binde  amgeben,    welcfae  ana  atrtitiseljft*^ 
prtiner  HorobleDde  besteht,  die  gana  mil  der  H<>mblei»eda^ 
Uralit  ttbereinstimiDL    In  QaerachDitteD  (fig.  1)  beobaehl** 
man  die  darcb  Kem  nnd  Hillle  gleicfamtmig  fortsetsenden 
Spaltrina      Mitunter   bat  der  ao  weitetgewachsene  Kij^ill 
andere  Krystallfllicheii  in  der  PtisnieDaone,  ala  der  £erD.  Id 
lAngaobnitteD    (Bg.  S)  aiebt  man  dcD   compaeten  Kern  nit 
Bttndeln  parallel  angewaohsener  Honibleiidenadeln  vcrsahen, 
welche  sich  weiterhin  bd  dtTergirenden  BQscbelD  aDfltiaeiL" .  • 
.  .  "Die  ArtdeaAoftretenadieaerFortwachsnngenlifnt  kdos 
Zweifiel,  dass  wKbrend  der  Aasbildang  dieaer  FortwaobaDiigcA 
mechaniaohe  Bewegungen  innerhalb  dieses  Ge'teina  niobt  mxhi 
stattgefondeD  haben." 


It  thus  appears  that  Becke  discovered  in  1883  the  enlarg^^ 
ment  bjr  secondary  growth  of  individnals  of  hornblende  in  a*^ 
eraptive  rock,  this  cliange  b&ving  taken  place  Bubseqnentlj  V^ 
tlie  conaolidation  of  the  rock  from  the  liquid  state.  In  frag^' 
mental  rocks  the  enlargement  of  hornblende  grains  hna  fuT^ 
greater  eigniScance  because  it  explains,  in  part  at  leaat,  tbo 
nntnre  of  the  induration  of  a  certain  class  of  rocks. 

Id  studying  recently  the  eruptive  rocks  of  the  Penokee- 
Goj!;ebic  Iron-Bearing  Series  of  Michigan  and  Wisconsin,  I  have 
met  with  cases  of  new  growths  occurring  upon  aogite  and  horn- 
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blende  which  are  corroborative  of,  (\nd  add  something  to,  the 
obsefvations  made  by  Becke.  The  rocks  in  which  these  new 
growths  have  been  found  are  altered  diabasea  In  some  speci- 
mens of  these  rocks  the  augite  has  largely  changed  into  horn- 
blende. In  these  cases  in  a  portion  of  the  individuals  of  augite 
the  alteration  of  the  augite  is  partial,  while  in  the  otherportion 
it  is  complete.  Ordinarily,  as  described  by  Irving,*  Williams 
and  others,  a  single  individual  of  hornblende  has  resulted  from 
one  of  augite,  the  two  having  the  usual  definite  crystallographic 
relations.  To  this  secondary  hornblende  the  new  hornblende 
has  attached  itself.  There  are  here,  then,  two  hornblendes,  one 
of  which  is  paramorphic  to  the  augite,  while  the  other  is  a  new 
growth.  The  added  hornblende  has  found  room  for  itself,  as 
in  the  case  described  by  Becke,  by  penetrating  the  surround- 
ing feldspars.  Similar  new  hornblende  is  also  found  inclu- 
ded in  the  partly  decomposed  feldspar  in  numerous  small, 
fibrous,  indepenaent  individuals.  The  new  hornblende  is 
of  a  pale  green  color;  it  is  not  strongly  pleochroic;  it  shows 
often  distinctly  its  intersecting  prismatic  cleavage.  The  crys- 
tallographic continuity  of  the  paramorphic  and  new  horn- 
blendes, when  the  two  are  contiguous,  is  as  plain  as  in  the  case 
described  and  figured  by  Becke,  where,  however,  the  first 
hornblende  seems  to  have  been  original. 

In  other  diabases  from  the  same  region  the  greater  part  of 
the  augite  is  unaltered.  Here  nearly  every  individual  of  this 
minentl  is  surrounded  by  a  sheath  of  hornblende.  This  horn- 
blende has  clearly  formed  subsequently  to  the  consolidation  of 
the  rock,  as  is  shown  by  the  following  facts  :  The  hornblende 
cuts  into  thesurrounding  feldspar  in  the  most  irregular  manner. 
The  augite  cores  have  the  forms  common  in  many  diabases, 
being  bounded  by  well-defined  broken  right  lines,  or  lines  some- 
what curved,  as  the  spaces  left  by  the  feldspars  allowed.f 
Often  the  new  growth  has  continued  farther  in  places  than 
in  adjoining  ones,  and,  as  it  went  on,  it  has  sometimes 
widened  out,  forming  within  the  feldspar  club-shaped  pro- 
tuberances of  hornblende. 

In  longitudinal  sections  (fig.  3)  the  hornblende  is  more 
plentiful  at  the  extremities  of  the  individuals  than  at  the  sides. 

♦  R.  D.  Irving',  this  Journal.  July,  1883.  and  Feb.,  1884.  (leology  of  Wisconsin, 
vol.  iv,  p.  663. 

M.  K.  Wadsworth,  .Votes  upon  the  Geology  of  the  Iron  and  Copper  Districts  of 
Lake  Superior. 

G.  H.  Williams,  this  Journal.  Oct.  1884,  and  Bull.  U.  S.  G.  S.,*  No.  28. 

Frederick  H.  Hatch,  Min.  und  Petr.  Mitth.,  vol.  vii,  pp.  75-87. 

f  In  the  greater  number  of  these  rocks  the  major  part  of  the  feldspar  has  crystal- 
lized prior  to  the  augite,  although  in  certain  of  them  the  augite  and  the  feldspar 
mutually  interfere  to  such  an  extent  as  to  indicate  that  the  augite  began  to  crys- 
tallize before  the  feldspar  had  proceeded  far  in  crystallization. 
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The   tarmioationB  of  these  enlargements  are   aharply  serrate. 
The   constituent   fibers   at  times   are  slightly   divergent   and 


usually  cut  deeply  into  the  feldspar.  Ordinarily  the  fine 
fibrous  cleavage  of  ihe  hornblende  is  coincident  with  the  cleav- 
age of  the  augite.  Uowever,  the  angles  c :  c  in  the  augite  and 
in  the  enveloping  hornblende  show  their  characteristic  relations. 
In  transverse  sections  (fig.  4) 
where  tlie  intersecting  prismatic 
cleavages  of  the  augite  and  horn- 
blende are  seen,  their  relaiions  are 
such  as  to  indicate  thai  the  ortho- 
and  clino-pinacoids  in  the  two  min- 

The  erystaliographic  relations  of 
the  two  mineiala  are,  then,  in  both 
longitudinal  and  transverse  sec- 
lions,  those  well  known  to  occur 
between  augite  and  hornblende 
paramorphic  after  it. 
Uadiaon,  Feb.,  1887. 


Art.  XLI. — Thegreat  Acadiati  Paradoxides;  by  G.  F.  Matthew, 

Is  this  Journal  (vol.  xxx,  p.  73),  the  writer,  in  speaking 
of  the  occurrence  of  tJie  great  Welsh  Piiradoxides  {P.  IJavidis) 
in  ihe  Cambrian  rocks  of  Newfoundland,  alluded  to  the  fact 
that  another  gigantic  species  of  this  genus  was  present  in  the 
Cambrian  basin  at  St.  John  At  the  time  when  that  com- 
munication was  written,  the  St,  John  species  was  known  only 
by    fragments   of   the   glabella,    pjeurse   and    pygidium.      An 
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complete  example  boe  lately  been  fouod,  from  which  it 
B  that  the  apeciea  differs  from  any  hitherto  described, 
areai  allies  are  P.  Benneltn  of  Newfoundland  and  P. 
n  of  Massacbasetls,  but  it  nas  oot  the  "pendent  ears  " 
wrtive  spine  of  ibe  former,  nor  the  long  (sometimes  ex- 
antij  long)  spine  and  round  pygidiam  of  the  latter.  It 
rattier  smooth  test,  and  the  eje-Iobea  are  shortened  and 
OS  in  the  two  species  named.  It  differs  from  P.  Bennetiii 
ig  brachypleural  in  the  adult  s^age,  and  from  P.  Barlani 
ing  only  seventeen  segments  in  the  thorax.-  It  may  be 
>ea  aa  follows : — 

Pakadoxidbs  Reqina. 
oeoies  of  the  largest  size  and  having  a  very  wide  body. 
i  thield  greatly  expanded,  and  having  the  genal  angles 
led  into  snort  spines;  glabella  broad  and  possessing  two 
complete  furrows ;  eyes 
rather  shori,  situated  oppo- 
site these  furrows.  Thorax 
with  seventeenjoints;  hav- 
ing the  axis  very  broad, 
and  the  ends  of  the  pleura 
leaf-like,  curved,  but  scarce- 
ly reflected,  and  having  the 
th  ree  last  joints  shorter 
than  the  others.  Pygidium 
subquadrate  behind,  with 
n  small  axis  and  with  the 
lateral  lobesexpanded  back- 
ward. Hypoaiome  subquad- 
rate behind,  but  having  the 
posterior  angles  truncated, 
anterior  lobe  widely  ex- 
panded laterally,  and  hav- 
ing the  anterior  margin 
expanded  and  widely  ex- 
tended. 

:  specimen  is  defective  where  the  two  anterior  glabellar 
7s  would  come,  and  so  it  is  not  known  whether  these  are 
it  or  absent.  The  horizon  is  Band  Ic  of  the  St.  John 
.  This  species  appears  to  be  the  largest  trilobite  which 
far  been  found  in  any  country,  being  fifteen  inches  long 
velve  inches  across  the  cephalic  shield.  Professor  "W".  C. 
er  calculated  the  length  of  an  example  of  Mega(aspi» 
luda  found  in  N6rway  aa  sixteen  inches  (403°™).  and  the 
L  Barrande  gave  the  length  of  Ataphus  Barraadei,  found 
.nee,  aa  fifteen  and  a  half  inches  (400"""),  but  theso  larger 
li  are  narrower  in  proportion  than  the  Acadian  trilobite. 
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Among  Paradoxides  the  Acadian  species  is  the  largest 
known  to  the  writer.  With  P.  Harlani  and  P.  BenneUii  it 
constitutes  a  group  of  gigantic  fornns  with  more  or  less  folia* 
ceous,  and  curved  rather  tnan  reflexed  plenrsB,  which  the 
writer  believes  will  be  found  to  characterize  elsewhere,  as  it 
does  in  Acadia,  the  Lower  Paradoxides  beds.  From  oar  pres- 
ent knowledge  of  these  forms  we  indicate  the  two  above  named 
and  P.  Regina  as  independent  species  ;  but  if  connecting  forms 
should  be  found,  the  Aca<Jian  and  Newfoundland  trilobites  will 
stand  as  varieties  of  Paradoxides  Harlani, 


Art.  XLII. —  On  the  Kin  of  Paradoocides  {Olenellusf)  Kjerulfi;* 

by  G.  F.  Matthew. 

The  following  remarks  are  intended  as  a  contribution  to  the 
discussion  of  the  comparative  age  of  the  Paradoxides  beds  in 
Europe  and  America  and  the  probable  position  of  Olenellus  in 
relation  thereto.  They  are  directed  chiefly  to  the  consideration 
of  the  allies  of  Paradoxides  Kjerulfi  Linrs.,  as  upon  the  deci- 
sion of  this  point  partly  depends  the  correlation  of  the  Atlantic 
border  Paradoxides  beds  with  the  Cambrian  beds  of  the  Hud- 
son River  and  the  more  western  part  of  America. 

Mr.  S.  W.  Ford,  in  an  article  "On  the  age  of  the  Swedish 
Paradoxides  Beds,"  in  which  he  ably  reviews  the  evidence  as  to 
the  zoological  position  of  Paradoxides  Kjerulfij-f  quotes  the  suc- 
cession of  the  Swedish  Paradoxides  beds  as  given  by  Mr. 
Linnarsson  in  1876,  viz: 

Jo.)  Strata  with  Agnostus  Icevigatus, 
5.)  Strata  with  Paradoxides  ForchhammerL 
4.)  Strata  with  Faradooddes  olandicus, 
S.)  Strata  with  Paradoxides  Davidis. 
(2.)  Strata  with  Paradoxides  Tessini, 
(1.)  Strata  with  Paradoxides  Kjerulfi, 

*  In  a  communication  published  in  this  Journal,  xxxi,  472,  1886.  the  writer 
stated  that  P.  Kjerulfi  occurred  in  Newfoundland,  hut  on  further  examination  of  the 
material  in  which  the  trilobite  so  referred  occurs,  it  seems  doubtful  if  it  is  that 
species.  The  cheeks  in  the  Newfoundland  trilobite  are  free,  whereas  accordinu:  to 
Dr.  Brogger  the  cheeks  of  P.  (0.  f)  Kjendfi  are  soldered  to  ihe  middle  piece  of  the 
head  shield ;  and  there  is  no  free  cheek  as  in  the  typical  Paradoxides.  The 
example  supposed  to  have  l)een  found  at  Kennebocasis  Hiver  is.  for  the  same 
reason,  not  P.  Kjerulfi.  Dr.  Brogger  has  Ptated  that  the  pygidium  is  unknown 
and  probably  small ;  but  until  this  part  is  recovered  and  found  to  be  of  the  !*ame 
kind  as  that  of  the  American  Olenelli,  we  cannot  with  confidence  speak  of  it  as 
belonging  to  the  genus  Olenellus;  I  have  therefore  preferred  to  use  in  this  article 
the  generic  name  under  which  it  was  originally  described.  Dr.  Brogger  now 
gives  Wahlmbergi  as  the  specific  name  of  this  trilobite,  but  on  referring  to  the 
place  where  this  name  is  used  it  appears  as  one  of  a  list  of  species,  but  is  not 
accompanied  by  figure  or  description. 

t  This  Journal,  vol.  xxxii,  No.  192,  Dec,  1886. 
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The  position  of  No.  4,  or  the  beds  carrying  P,  olaudieiis,  was 
laid  to  be  doubtful,  as  not  determined  by  observed  sections  of 
;he  Cambrian  beds;  it  is  however  the  horizon  assigned  by  Mr. 
A..  Sjogren  the  describer  of  the  species. 

Having  observed  the  stratigraphical  position  of  the  A^cadian 
representative  of  this  species  {P.  lamellcUiu  Hartt)  to  be  below 
the  beds  which  carry  the  Acadian  species  allied  to  P.  Tessini 
ihe  writer  ventured  lo  inquire  of  Professor  Lindstrom  of  Stock- 
bolm  what  the  position  of  P.  diandtcus  was,  and  by  a  letter 
lately  received  from  that  gentleman  he  learned  that  ^'in  1875 
Professors  Nathorst  and  Dames  found  the  zone  of  P,  olandicus 
to  be  older  than  that  of  P,  Tessim^ 

The  importance  of  this  fact  is  the  greater  from  the  many 
points  of  affinity  between  this  species  (P.  olandicus)  and  P. 
Kjerulfi.  Mr.  Ford  in  his  valuable  article  above  referred  to, 
speaks  of  **a  number  of  strong  points  of  resemblance''  between 
these  species,  but  does  not  specify  the  point  wherein  the  rela- 
tionship consists,  but  some  of  the  more  salient  ones  will 
appear  from  what  follows. 

If  it  could  be  shown  that  the  lower  part  of  the  Para- 
doxides  beds  in  America  is  characterized  by  a  group  of 
species  which  differ  from  the  typical  Paradoxides  found  higher 
ap,  an  advance  would  be  made  in  distinguishing  the  sev- 
eral parts  of  the  Cambrian  system  on  this  side  of  the  Atlantic. 
That  there  is  such  a  group  at  the  base  of  the  Paradoxides  zone 
n  Europe  and  America  is  now  I  think  sufficiently  clear;  and 
(ome  of  the  points  of  structure  which  mark  it  are  the  follow- 
ng :  The  test  is  granulated^  iJie  pleural  grooves  are  short  and 
xtrougly  marked^  the  glabella  and  rachis  are  prominent^  the  fixed 
:heeks  are  narrow,  the  eyelobes  are  shortened  and  drawn  in  at  the 
!>a5e,  the  genal  spines  are  short  {and  channelled  on  ihe  upper  side?)* 

In  P.  Kjerulfi  the  pygidium  is  not  known  ;  in  P,  olandicus 
the  pygidium  has  four  points;  in  P.  lamellatus  the  pygidium 
has  two  points. 

In  the  second  and  third  species  the  pygidium  is  that  of  Para- 
doxides, not  of  Olenellus,  and  it  is  a  matter  still  to  be  deter- 
mined whether  the  first  named  species  is  a  true  Olenellus  in  all 
respects,  and  especially  as  regards  the  pygidium. 

In  Paradoxides  Acadicus  we  have  another  primitive  type,  but 
not  of  the  same  section  in  Paradoxides  as  tnose  above  named. 
The  recovery  of  the  parts  show  that  it  possesses  the  long  sig- 
moid pleural  furrow  of  the  more  typical  forms  of  the  genus 
and  not  the  comma-shaped  (almost  pear-shaped)  furrow  of  the 
three  species  above  named.  It  has  not  yet  been  found  so  low 
iown   in    the   Acadian   (Cambrian)   measures  as  some  other 

*  They  are  channeled  in  P.  Kjerulfi  and  P.  lameUaUu. 
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species ;  but  its  companion-form  in  Europe  has  been  found  to 
be  associated  with  P,  olandicus  whose  place  is  next  above  P. 
Kjerulfi, 

It  is  somewhat  remarkable  that  P,  Eteminicus,  which  is  the 
American  equivalent  of  P.  rugubsus^  should  be  one  of  the  first 
species  of  Paradoxides  to  appear  in  the  Acadian  region,  while 
in  Scandinavia  it  is  not  known  until  after  the  appearance  of  P. 
Tessini^  a  species  which  is  represented  in  Acadia  at  a  higher 
level  by  P.  Ahenacus ;  possibly  its  later  srppearance  in  Europe 
is  due  to  the  higher  measures  presenting  a  more  favorable  hao- 
itat.  In  Acadia  gray  shales  are  followea  by  dark  shales,  bat  in 
Scandinavia  the  conditions  were  reversed,  as  the  shales  with 
black  streak  are  the  oldest. 

The  succession  of  the  Paradoxides  in  the  St.  John  Grroup,  as 
far  as  it  has  been  ascertained,  is  the  following : 


Division  I. 


Band^ 


Band  c 


Paradoxides  Kjenilfl* .  _ 
Parudoxides  lamellatiis 
Paradoxides  Kteminicus 
Paradoxides  Micmac 

Paradoxides  Acadicus.. 

Paradoxides  ReginaJ  . . 
Paradoxides  Abeuacus  _ 


1 

2 

+ 
t 
t 

T 

— 

t 

— 

t 

Band  d 


-         -  t 


European  Representa- 
tive. 


P.  Kjerulfi. 

P.  olandicus. 

P.  rugulosus. 

P.  palpebrosus? 
\  P.  Sjogreni, 
}  P.  Harknessi? 

P.  spioosus? 

P.  Tessini. 


Of  the  six  divisions  of  the  Paradoxides  beds  of  Sweden, 
given  by  M.  Linnarsson,  the  three  oldest  have  been  recognized 
in  the  St.  John  Group;  the  presence  or  absence  of  the  three 
higlier  remains  to  be  determined. 

In  regard  to  the  form  of  the  glabella  in  P.  Kjerulfi  there 
seems  to  be  considerable  diversity ;  in  those  from  the  green 
slate  of  Tomten  in  Norway  figured  by  Linnarsson  the  front  is 
wider  than  the  base ;  but  in  those  figured  by  Kjerulf  the  front 
lobe  is  as  narrow  or  narrower  than  the  rest  of  the  glabella ;  one 
of  Professor  Kjerulfs  figures  show  P.  Kjerulfi  to  be  brachy- 
pleural  when  half  grown.:]:  j 

St.  John,  N.  B.,  Dec,  1886. 

*  Fiapfnieuts  have  been  found  which  may  belong  to  this  species. 
f  A  gigantic  species  intermediate  between  P.  Bennettii  and  P.  ffarlani. 
^  Opi   Skiiringsm;i;rker,  etc.,    II.     Sparagmitfjeldet  (Christiania,   1873),   p.  83, 
fig.  :i. 
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iRT.  XLIIL — On  Taconic  Rocks  and  Stratigraphy^  with  a  Oeo- 
logical  Map  of  the  Taconic  region  (Plate  XI) ;  by  James  D. 
Dana. 

Part  II.    The  Middle  and  Northern  Part. 
(Ck>ntinued  from  p.  2*76  of  this  volume.) 

The  map  of  Middle  and  Northern  Berkshire  mentioned  in 
he  preceding  part  of  this  paper  (p.  270  of  this  volume),  is  here- 
with publishea.  For  detailed  explanations  of  the  symbols  and 
Btters  used  on  the  map,  the  reader  is  referred  to  p.  206  of  vol- 
ime  xxix  (March,  1885)  of  this  Journal.*  The  map  illus- 
rates  fully  the  points  presented  on  pages  271-276:  (1)  the 
astern  limestone  with  its  intercalated  and  often  isolated  ridges 
»f  schist;  (2)  the  passage  of  the  eastern  limestone  belts  into  the 
irestem — as  that  of  the  Vermont  through  North  Bennington, 
Qto  the  Hoosac  and  Petersburg  area,  that  of  the  Vermont, 
hrough  .Williamstown  and  Hancock,  into  the  Lebanon  and 
/anaan  area,  and  the  near  approach  of  the  latter  at  Canaan  to 
unction  with  the  Stockbridge  limestone  in  West  Stockbridge ; 
3)  the  variations  from  normal  directions  and  continuity  in  the 
►elts,  apparently  due,  for  the  most  part  at  least,  to  earlier  topo- 
;raphical  conditions— exemplified  (1)  in  the  Williamstown  and 
)larksburg  region;    (2)  in  the  town  of  Bennington;  (8)  in  the 

*  For  the  convenience  of  the  reader,  the  following  explanations  of  the  lettering 
D  the  mnp  and  the  symbols  in  the  figures  beyond,  are  here  repeated  in  brief, 
j,  quartzyte ;  M,  mica  schist ;  M,  (not  used  before)  hvdromica  schist ;  Gn,  gneiss ; 
L,  Archaean.  In  the  figures,  a  dot  stands  for  quartz^  a  Iiyphen  for  mica,  and  a 
roes  ( + )  for  /MfpoTy  a  long  hyphen  —  for  hydrous  mica  ;  dots  for  quartzyte ; 
Itemating  dots  and  hyphens  •  -  •  •  f or  mica  schist ;  alternating  dots  and  long 
yphens  •  —  •  —  for  hydromica  schists ;  and  alternating  dots,  hyphens  and  crosses 

•  -  +)  for  gneiss;  alternation  of  four  dots  with  a  hyphen  ( )  f or 

licaceous  quartzyte  ;  alternations  of  two  or  three  dots  with  a  hyphen  ( ) 

or  quartzytic  mica  Hchist ;  the  lines  alternate  with  a  rule,  for  a  bedded  or  schistose 
ock  as  mica  schist,  hydromica  schist  and  bedded  quartzyte ;  and  groups  of  H  or  4 
ines  with  rule  between,  for  gneiss  or  slightly  bedded  quartzyte.  In  the  section 
he  dip  of  the  lines  is  the  true  dip ;  an  unfilled  space  in  the  inner  part  of  a  figure 
if  a  section  signifies  that  the  dip  was  obtained  from  exposures  over  the  surface, 
jid  not  from  an  actual  transverse  section:  while  an  unfilled  interval  between  the 
ines  indicates  a  concealment  by  soil,  and  the  figures  added,  the  width  of  the  cov- 
ired  surface ;  the  end  of  a  figure  to  the  right  is  always  the  eastern  or  northern 
ind ;  a  circle  with  a  letter  inside  means  a  quarry  or  ore-bed,  and  the  letter  indi- 
ates  the  material  afibrdcd :  Fe,  the  iron -ore,  limonite ;  Q.  quartzyte  as  hearth- 
tone  or  sand.  The  map  was  plotted  on  the  maps  of  Beers's  Atlases,  which, 
vhile  of  great  value  for  the  purpose,  have  not  the  accuracy  of  a  thorough  survey 
»f  the  region ;  and  hence  some  unavoidable  errors  are  introduced  which  I  could 
tasily  make  right  on  a  new  map  of  equal  size  (mostly  two  inches  to  the  mile),  and 
taving  all  of  its  details,  including  the  positions  and  names  of  owners  of  all  houses 
trhich  aid  in  marking  localities  or  as  a  base  for  measurements.  Some  of  the 
jeas,  as  the  narrow  one  of  schist  in  New  Alford,  might  take  a  more  probable 
orm  on  such  a  map,  since  the  roads  have  been  the  chief  means  of  fixing  the 
ourses  of  the  outlines.  As  in  the  map  of  Southern  Berkshire,  it  was  not  possible 
0  adjust  to  the  Massachusetts  map  the  lines  on  the  portion  of  Connecticut  added 
o  it,  so  it  is  as  regards  the  addition  of  Vermont.    Scale  ^  inch=  i  mile. 
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eastward  extension  of  the  Pittsfield  limestone  and  the  aaartzyte 
south  of  it,  and  (4)  in  the  Bear  Mountain  region  with  Moqq* 
ment  Mountain  west  of  it;  the  lo(;alities  of  Archsean  being 
recognized  by  the  presence  of  hornblendic  rocks,  sometimes 
zircon-bearing  and  chondroditic  limestone,  from  eastern  Tyring- 
bam  northward  and  marked  on  the  map  by  the  letter  A.  The 
.colored  portion  of  the  map  is  that  covered  by  the  limestone. 
The  next  subject  is : 

2.   The  Limestone  and  the  conformably  overlying  strata. 

1.  Kinds  of  rocks  and  Oieir  distribution. — The  kinds  of  rocks 
observed  in  central  and  northern  Berkshire,  with  the  adjoining 
border  of  New  York,  are  the  same  as  in  the  southern  portion, 
already  considered,  except  that  the  mica  schists  north  of  the 
town  of  Sheffield  have  not  yet  been  found  to  be  s^aurolitic. 

The  limestone  is  mostly  dolomitic,  except  to  some  extent  (as 
made  known  by  analyses  in  the  Geological  Report  of  Professor 
E.  Hitchcock  (1841,  p.  80),  in  the  more  western  towns  of 
Berkshire.  The  same  analyses  show  that  the  beds  "are  rarely 
true  dolomite,  but  partly  calcite,  by  having  a  deficiencjr  of 
magnesia,  and  that  consecutive  beds  vary  much  in  constitution. 
The  subject  needs  investigation. 

The  rock  varies  in  grade  of  crystallization,  being  coarsest  (a) 
to  the  southward,  and  also  (6)  to  the  eastward.  It  varies  in 
color,  being  usually  white  to  the  eastward,  often  gray  in  the 
more  western  belts  of  Berkshire,  and  generally  gray  west  of 
Berkshire.  It  varies  in  impurity,  being  often  ver}^  micaceous 
in  the  vicinity  of  the  schist  ridges,  so  as  sometimes  to  be  decep- 
tive, and  very  quartzose  near  the  quartzyte.  Tremolite  and 
white  pyroxene,  abundant  minerals  in  the  Sheffield  limestone 
and  its  continuation  southward,  (to  New  York  Island,  if  all 
is  the  same  limestone,  as  is  probable,)  occur  also  in  belts  of 
Monterey,  eastern  Great  Barriiigton,  Tyringham  and  Lee;  and 
minute  tourmalines  are  occasionally  present 

The  schists  are  hydroniica  schists  to  the  westward  and  mica 
schists  to  the  eastward,  along  with  indefinite  intershadings 
through  chloritic  hvdromica  schists.  Ilydromica  and  chlorite 
are  hydrous  species,  so  that  the  difference  in  the  metamorpbic 
schists  mentioned  is  largely  a  difference  as  to  the  presence  of 
,^^^?1 '  ^  hydromica  containing  4  or  5  per  cent  (but  like  mica 

passes 

„    ^    ^  1877a 
Pro^gine  variety  of  gneiss.* 

Ihe  rnore  western  schists  west  of  Canaan,  N.  Y.,  are  mach 
liJcc  a  glossy  roofing  slate,  showing  in  the  color  no  evidence  of 
the  presence  of  chlorite,  though  it  may  contain  much  of  it 

*  This  Journal,  II,  xiv,  258,  260. 
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In  the  main  Taconic  ran>^e,  along  the  Massachusetts  bound* 
iry,  the  schists  are  chloriiic  hydromica  schists,  and  on  the  east- 
iru  sides  often  garnetiferous,  especially  to  the  southward.  In 
in  east  and  west  line  through  South  Williamstown  and  Grey- 
ock  they  continue  to  be  chloritic  hydromica  schists  from  the 
!Tftw  York  boundary  to  the  eastern  slope  of  Greylock,  or  seven 
niles,  where  are  some  portions  that  might  be  designated  true 
nica  schist ;  a  mile  and  a  half  east  of  Greylock  summit,  near 
he  east  foot  of  the  Greylock  mass,  the  rock  would  be  ordinarily 
'ailed  mica  schist;  and  this  is  true,  also,  farther  north,  nbreast 
west)  of  the  village  of  North  Adams,  as  seen  at  the  little  rail- 
X)ad  tunnel,  although  the  mica  is  slightly  greasy  to  the  touch. 

The  mica  schist  is  sometimes  muscovit«  schist,  often  biotite 
ichist,  but  generally  both  micas  are  present 

Looking  at  Berkshire  as  a  whole,  in  the  part  of  it  east  of  a 
Jtraight  line  drawn  through  the  county,  southward,  from  Grey- 
lock to  the  northeastern  corner  of  Mt.  Washington  in  South 
Egremont,  about  S.  15^  W.  in  course,  the  schists  are  nearly  all 
mica  schist,  while  to  the  west  of  ih^  same  line,  they  are  nearly 
all  chloritic  hydromica  schist.  A  ridge  in  Lanesboro  (which 
is  nearly  on  this  line),  has  the  schist  intermediate  between 
hydromica  and  mica  schist,  inclining  most  to  the  latter.  This 
line  throws  to  the  west  the  high  ridges,  Tom  Ball  and  Maple 
Hill,  of  West  Stockbridge,  which  are  of  chloritic  hydromica 
schist,  and  to  the  east,  ridges  near  by  on  the  east  of  these. 
But  to  one  going  over  the  region  the  transition  would  be  found 
to  be  a  very  gradual  shading  from  one  to  the  other,  some 
portions  at  the  northeastern  foot  of  Tom  Ball  almost  meriting 
i  place  with  the  mica  schist. 

Fifteen  miles  south,  in  Canaan,  N.  Y.  (nearly  west  of  Pitts- 
ield),  the  schist  west  of  the  limestone  is  a  very  thin,  slaty, 
rlossy  roofing  slate;  that  of  the  ridge  east  of  it,  north  of 
iueechy  Lake,  a  coarse  chloritic  hydromica  schist,  except  near 
•be  boundary  of  Lebanon  (at  B,  on  the  map,  a  high  point  called 
Douglass  Knob)  where  it  becomes  quartzose,  a  very  hard 
jhloritic  quartz  rock,  not  schistase;  the  high  knob  is  the 
K>urce  of  the  famous  bowlder  trains  that  cross  Richmond  into 
Licnox,  first  studied  out  by  Dr.  Stephen  Reid,  of  Pittsfield. 

East  of  the  N.  by  E.  and  S.  by  W.  line  drawn  from  Grey- 
ock  to  the  northeast  base  of  Mt.  Washington,  the  larger  part 
>f  the  mica  schist  is  extremely  arenaceous;  and  it  often  gradu-^ 
ites  imperceptibly  into  a  bedded  quartzyte,  or  alternates  with 
strata  ot  quartzyte,  both  that  of  the  thin-bedded  kind,  and  of 
the  hard  and  massive,  precisely  as  described  in  Part  I  of  this 
paper  for  Southern  Berkshire  and  the  adjoining  part  of  Connec- 
ticut; and,  as  there,  the  rock  usually  contains  minute  tourma- 
lines. The  narrow  ridge  entering  the  town  of  Great  Barrington 
from  Sheffield  west  of  the  railroad,  consists  of  bedded  quartzyte 
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jym  fyuLTscyjt  *r»a  ei:ec#i*  :*:  li-e  i^  ot  Tom  Ball ;  while 
t^nL-^^suSi  art  ocier?  ^if  q::-irLme.  X  jrta  o:  Hocauoiiic  rillage 
n-iarLtjje  '"-^i*  i.:cr--tws  ▼:!£.  3^e  =i5cak  scciscsu  Mooament 
jloGr.u:i  rii«  :»:  r^nzx  o-:  "lari  -iiirtzr^  viihq^artZTtie  mica 

d!>&i  rrii'aoeo:!*  noi.  zi^sias-Iike  ir.  ucc«es»  which  is  calca- 
^ef^rrresc  -  z  w::c  »cii>-  Eac3  >:  Greas  Barrlrietoa,  a  very 
Bsiilar  zr.eiso.i  rock,  s/or^rz-m i^  caIcar-o:2S^  is  :ae  chief  mate- 
nal  '  f  :ce  io^er  lan  of  a  h'zri  riigc.  and  scows  out  gnei^4ike 
in  ;he  greai  icniblei  rziases  2.1  the  base  oftheblaff  atthe  north 
end  aai  wbere  qaarrieii;  at  i^e  sirnmiiL  the  hdge  is  bedded 
m>uhoeoas  qcanzjie.  p^aEiss  :nu>  micueeDas  or  quartzytic  mica 
schist. 

The  qcartzjiic  mica  sC'.is^  and  micaceoas  qoartzrte  coDSti- 
tates  also  Ba:;Iesr^e  Moaa;aia  io  Stockbridge  and  other  ridges 
farther  Tiorrh  u>  Adams.     Bat  for  details  I  refer  to  the  map. 

A  microscopic  exami nation  of  thin  slices  of  the  gneissoid 
rock  of  the  ridges  east  of  Great  Barhngtoiu  and  of  that  in  Mona- 
ment  MounULin.  snows  that,  besides  macn  qoartz^  considerable 
mica  ani  a  l:t:le  calcite.  it  co:: rains  also  considerable  ortho- 
dase.  ani  mer.is  the  Lacie  of  a  qaartzytic  gneiss  or  a  gneissic 
qaar.zyte. 

I:.  Tvrir.gharri  :Lert  is  a  well  characterized  gneiss  overlving 
the  lirnestorie. 

The  dea:r.ict:"oil::y  of  the  beddeii  qaartzvie  and  the  quartz- 
virc  rr/.ca  soTiists  is  ^erierallv  a  marked  peculiariiv.  It  is  very 
Cfjixi::.^:.  to  dnd  decay  extending  down  one  or  two  hundred 
feet,  corx-^^aliri^  dee^iv  the  solid  rock.  The  decav  sometimes 
leaves  a  hillaide  covered  with  loose  blocks  of  hard  quartzyte, 
derived  from  harder  lavers,  or  isolated  harder  portions,  in  the 
htrala.  The  f/orosity  of  the  rock  renders  it  permeable  by  watex^ 
to  great  depta  :  aijd  then  the  presence  of  a  little  removable  cal- 
cite  or  orth^xrlase  makes  destruction  easy. 

'J.  L'.mUi  b^Awten  the  LiiUKStoue  and  other  areas. —  The  approxi- 
mate iimiUi  of  the  limestone  areas  are  in  general  easily  obtain- 
at>le.  a.s  outcrops  are  numerous.  But  there  are  many  regions 
where,  owing  10  the  covering  of  drift  and  the  extensive  decom- 
fx^ition  of  the  rocks  (the  arenaceous  schists  and  the  bedded 
quartzytesj,  the  uncertainties  are  great. 

The  fir-it  of  these  sources  of  doubt,  as  I  have  already  said, 
affects  widely  the  west  sides  of  hills  and  mountains,  the  side 
that  faced  obliquely  the  moving  glacier.  The  other  may  occur 
any  where.     Rattlesnake  Mountain,  in  Stockbridge,  is  an  ex- 
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•naple  of  an  obscuring  of  the  porth,  west  and  south  sides  by 
both  causea     Maple  Hill,  in  West  Stockbridge,  has  much  of 
its  west  and  north  sides  underdeep  drift — 250  feet  ai  an  ore* 
bed  on  its  northwest  slope.     These  are  examples.     Long  ex- 
perience in  the  region   helps  one  to  probable  conclusions  in 
^any  such  cases,  but  in  others,  doubts  will  remain.   In  Adams 
the  limit  at  the  west  foot  of  the  Hoosac  Range  is  one  of  the 
'^^orst  cases — n  region  of  half  a  mile  or  more  intervening  with- 
^nt  outcrops;  and  between  the  central  quartzyte  belt  of  the 
town  and  the  range,  it  is  still  a  question  with  me  whether  the 
quartzyte  formation  with  its  arenaceous  mica  schist  may  not 
extend  for  a  considerable  distance  quite  to  the  base  of   the 
tQountain.     The  first  rock  encountered  on  the  ascent  of  that 
part  of  the  mountain   is  a  light  colored  very  arenaceous  mica 
^hist,  like  beds  in  the  quartzyte  area,  and  also  like  much  of 
Hoosac  Mountain  elsewhere.     The  Clarksburgh  region  is  one 
^f  rnuch  doubt  on  account  of  the  few  outcrops. 

The  quartzyte  bowlders  over  a  region  are  an  assistance 
^Ward  a  knowledge  of  what  is  below,  since  they  are  often  not 
^'^Ft  bowlders,  but,  as  explained  above,  masses  left  where  they 
^^^^  are  by  decomposition.  But  again  they  are  very  deceptive 
cience;  for  the  region  just  mentioned,  east  and  southeast  of 


^^ -Jims,  has  striking  examples  of  an  abundance  of  quartzyte 
"^^^^"Vrldersover  the  surface  where  the  rock  below  is  limestone. 

3.  Stratigraphic  relations. 

Xiimestone,  hydromica  schist,  mica  schist  and  quartzyte,  and 

^^t^rmediate  gradations  between  these,  being  the  rocks  within 

.*^^  limestone  limits,  the  question  is  now  as  to  their  stratigraph- 

^^^^1  relations. 

^.  No  general  ouerthrust  faulting, — The  facts  with  respect  to 

Ij^  relative  positions  of  the  rocks  here  set  forth  require  no 

^^Xowance  for  possible  overturns  except  such  as  affect  single  or 

*'    "few  associated  folds.     That  there  has  been  no  great  overturn 

f^^ecting  the  region  as  a  whole,  or  over  a  large  part,  is  proved 

^  the  following  characteristics  of  the  region  and  its  rocks. 

The  gradual  transition   in  kinds  of  rocks  and  in  grade  of 

'^^^'^iamorvhism  from  east  to  west  over  the  Taconic  region;  the 

_^iie  graae  in  the  metamorphism  of  the  limestone  and  the  schist 

Ijoining  it,  through  all  parts  of  the  region  ;   the  absence  of 

Item  rocks  from  the  western  part,  and  of  western  from  the 

^rn;  the  gradual  transitions  in  many  cases  from  limestone 

schist  through   impure  micaceous   and   sandy  limestones ; 

^Viese  are  all  indubitable  evidences  on  this  point. 

Not  only  are  the  transitions  from  limestone  to  schists  marked 

^^   micaceous,  arenaceous,  and  other  similar  impurities,  but 

^Jso  in  many  places  by  ferriferous  conditions  in  both  the  schist 

Am.  Johb.  8ol— Thibd  Series,  Yol.  XXXIII,  No.  196.~Apbil,  1887. 
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and  limestone,  and  preeminently  in  the  limestone  which  oconn 
adjoining  the  schist  at  intervab  for  long  distances  in  wesiem 
Berkshire  (in  Lanesborough,  Richmond,  and  West  Siockbridge 
and  less  abundantly  in  other  towns),  as  well  as  in  Vermont 
to  the  north  and  Connecticut  and  New  York  to  the  south^the 
limonite  beds  attesting  to  it     Tins  is  good  evidence  that  the 
beds  are  natural  in  sequence;  that  there  has  been  no  great 
lateral  move  by  a  thrust-fault  over  the  region  of  Berkshire  and 
eastern  New  York,  disturbing  the  order  of  stratification. 

2.   The  (rue  stratification  is  not  disguis^  by  foliation^  or  doty 
cleavage^  or  other  effects  of  pressure. — Questions  as  to  slaty  cleav- 
age, foliation,  schistosity.  are  not  a  source  of  serious  difficulty 
in  the  Taconic  region.     If  the  rocks  were  all  slates,  all  mica 
schist,  all  hornblende  schist,  or  all  limestone,  that  is,  were  wholly 
of  one  kind,  the  uncertainties  as  to  bedding  or  not  might  be 
well-nigh  insurroountabla      But  where   the  three   kinds  are 
together  in  alternating  layers  or  strata,  the  doubts  disappear, 
for  there  is  then  distinct  stratification  be^tween  layers  or  strata 
of  different  kinds  in  constitution,  and  the  study  of  it  is  like  the 
study  of  stratified  rocks  in  nonmetamorphic  regions.    If  if^ 
such  cases  the  schistosity  of  a  schist  is  parallel  to  the  planes  oi 
junction  between  the  layers  or  strata  oi  the  different  kinds,  i^^ 
planes  are  essentially  those  of  bedding  whatever  their  origio  « 
and  this  is  eminently  manifest  in  Berkshire  where  one  of  tfci^ 
rocks  is  limestone.     Alternation  in  strata  or  layers  of  differen*" 
kinds  of  rocks  cannot  be  a  result  of  pressure.     Theprincipl^ 
presented   is  as  true  for  Archaean   rocks  as  for  any  others  aci^ 
affords  a  criterion  which  isof  great  value  in  their  investigatioT^- 

For  the  reasons  stated,  the  Taconic  region  is  as  much  ^ 
region  of  stratified  rocks  as  that  of  western  New  York.  It  hc*-^ 
its  strata  of  limestones,  sandstone  (quartzyte)  and  schist,  tt^  ^ 
study  of  whose  positions  is  stratigraphical  study,  far  outside  ^^J| 
microscopic  investigation,  though  deriving  great  aid  from  suc^" 
investigation  as  regards  the  constitution  of  the  beds,  metamc^  "^ 
phic  changes,  and  other  points.  .  The  planes  of  juneti 
between  the  strata  are  open  to  observation.  And  it  is  wond 
ful  how  very  generally  the  planes  of  lamination  in  the  sch 
correspond  in  position  with  these  planes  of  junction.  It  is 
general  that  the  geologist  of  the  region  comes  naturally  to  t 
opinion  that  it  is  exceptional  for  foliation  to  be  any  other  th 
lamination  conformable  to  the  bedding.  Stratification  in  t 
region  stands  out  with  the  distinctness  that  characterizes  ord 
ary  regions  of  stratified  rocks,  and  the  anxious  and  scepti 
petrographer  has  no  occasion  for  his  doubts,  or  for  his  expec 
tion  of  settling  all  such  cases  with  the  microscope. 

In  many  places,  moreover,  the  strata  are  piled  to  mounter/// 
height  while  still  nearly  horizontal  in  the  position  of  the  becfe 
Such  nearly  horizontal  lamination  is  not  due  to  pressure  attenc/* 
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J  uplift — the  source  of  foliation  or  slaty  cleavage ;  if  to  any 
^ure,  it  is  to  vertical,  like  that  of  the  gravitating  mass,  or 
U  pressure  to  which  a  shaly  structure  is  attributed. 
3.  Stratigraphy  of  the  region, — The  question  in  this  region  of 
tamed,  flexed  and  crystalline  rocks,  is,  as  in  Part  I — 
Which  is  normally  the  upper  stratum,  the  limestone,  or  the 
ist?  Are  the  schist  ridges  usually  synclinals  or  anticlinals? 
3  fact  that  in  the  southern  part  of  the  Appalachians — the 
eghany  Mountains — the  ridges  are  usually  synclinals  shows 
I  the  view  as  to  their  being  synclinals  in  the  Taconic  region, 
;  he  sustained,  is  not  exceptional. 

.  Characters  of  the  flexures. — The  flexures  over  the  area  have 
ally  the  north  by  east  direction  or  strike  characterizing  the 
in  Taconic  range.  They  generally,  and  probably  always, 
■"e  the  axis  inclined  instead  of  horizontal — sometimes  to  the 
thward  and  as  often  to  the  southward,  the  two  kinds  being 
essarily  accompaniments  in  a  complex  system  of  warping 
not  badly  illustrated  in  the  sleeve  of  a  coat  at  the  elbow- 
id  inside).  The  inclination  is  sometimes  indicated  by  the 
m  of  the  ground-plan  of  the  schist  ridges — that  is  by  its 
lening  from  one  end  to  ihe  other.  An  example  is  seen  on 
map,  west  of  the  village  of  Great  Barrington  :  the  area  nar- 
M  southward ;  and  it  necessarily  follows  that  the  axis  of  the 
sure  inclines  to  the  southward  if  it  is  an  anticlinal  and  to 
t  northward,  if  a  synclinal.  Two  similar  areas  occur  in  the 
irn  of  West  Stockbridge,  those  of  Maple  Hill  and  Torn  Ball 
e  latter  extendint/  into  the  town  of 
eat  Barrington);  others  in  Lee  and 
^tsfield. 

The  dips,  moreover,  often  indicate  the 
jcise  kind  of  flexure.  At  the  narrow 
1,  they  are  usually  eastward  on  both 
!  east  and  west  sides,  as  in  a  careened 
ugh,  as  in  the  annexed  (fig.  4);  but 
the  other,  while  eastward  on  the  west 
e,  they  are  often  westward  on  the  east 
B,  indicating  a  tray  like  synclinal  (fig.  1) 
he  whole  fold  bemg,  therefore,  an  in- 
led  tray  like  synclinal  with  the  nar- 
rer  end  of  the  synclinal,  or  that  where 
effects  of  pressure  were  greatest,  ca- 
ned or  overthrust.  The  succession  of 
ires  1,  2,  3,  4,  represent  sections  of  a 
antain  ridge  having  a  broad  tray-like 
iclinal  structure  (1)  at  one  end  and  a 
dened  synclinal  (4)  at  the  other,  with  two  of  the  interme- 
te  conditions  in  2  and  3;  and  if  the  series  of  figures  is 
wed  upside  down,  they  then  serve  to  illustrate  the  corre- 
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sponding  variations  in  an  anticlinal  flexure.     (These  figures 
are  repeated  on  the  map  and  numbered  62). 

b.  Dencriplions  of  Sections. — The  figures  on  the  accorapanying 
map  of  Berkshire  and  in  the  text  beyond  represent  some  of  the 
many .  sections  observed  in  the  region:  and,  as  already  ex- 
plained, they  indicate  also  the  kinds  of  rocks.  The  descrip- 
tions of  the  sections,  as  well  as  the  numbering,  here  commences 
at  the  south.  Numbers  1  to  21  are  those  already  published  in 
Part  I.  Of  the  30  in  this  Part,  figures  22  to  30  have  appeared 
in  my  earlier  papers  on  Berkshire,  and  are  presented  at  this 
time  only  on  the  map ;  and  I  would  refer  to  those  papers  for 
details  with  regard  to  the  stratification.* 

Section  22  (map).     In  the  Kon kaput  Valley,  on  its  northeast 
side,  at  the  southwestern  base  of  the  high   land  from  which 
Bear  Mountain  rises;  part  of  the  section  is  south  of  the  road, 
and  the  rest  north  of  it ;  the  latter  part  terminates  in  "Devany's 
hearthstone  quarry "  (not  now   worked)  which   is  situated   » 
little  to  the  eastward  of  the  line.     The  several  alternations  of 
quartzyte  and  mica  schist  with  limestone,  the  micaceous  char- 
acter of  much  of  the  quartzyte,  and  the  small  dip  northeastward 
are  the  interesting  points. 

Sections  23,  24  (map).     On   the  southwest  side  of  the  sancx^ 
Konkaput  Valley  opposite  the  locality  of  the  preceding  sectioo-i 
at  the  base  of  the  high   ridge.     In  section  23,  the  limestoO^ 
does  not  appear  at  bottom,  the  soil  covering  it;  but  farth 
south,  along  the  base  of  the  same  ridge,  sections  occur  like  2 
showing  the  true  relations  of  the  limestome  to   the  quartzy 
and  the  overlying  mica  schist;  the  rocks  are  like  those  of  s^^' 
tion  22,  but  the  dip  is  reversed  as  if  opposite  parts  of  an  anO^' 
clinal.     The  localities  are  in  the  southeastern  part  of  the  to^^'  ^ 
of  Great  Barrington. 

Seciion  25  (map).  Just  east  of  the  Housatonic  River  at  tl^^ 
village  of  Great  Barrington,  extending  eastward  from  the  lim-  ^' 
stone  in  the  valley  at  the  base  of  the  high  ridge  (with  a  fai:*-^ 
separating  it  from  the  rest),  to  the  top;  a  gneiss-like  r  ^ 
below,  a  micaceous  quartzyte  at  top. 

Section  26  (map).      West  of  the  village  of  Great  Barrington 
a  ridge  consisting  of  arenaceous  mica  scliist,  micaceous  qua^^ 
zyte  and  bedded  and  non  bedded  quartzyte.     Limestone  mal^^ 
the  western  high  part  of  the  ridge  opposite  the  village.     Unf 
tunately,  no  section  of  tlie  north  end  of  the  ridge  is  open 
view. 

Section  27  (map).     Section  27  crosses  a  low  N.-S.  ridge  j  vm^^^ 
northwest  of  Vandeusenville  (three  miles  north  of  Great  B^^' 

♦  This  Joiirnal,  vols,  v  and  vi,  1873,  and  xiii  and  xiv,  1877.     The  locality      ^ 
each  section   is  marked  on  the  map  by  iargo  numerals  corresponding  with   ^^ 
numbering  of  the  figures  here  used. 
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ton,  and  east  of  Long  Lake  Valley),  which  consists  mostly 
Qartzyte,  but  has  quartzytic  limestone  within  it,  and  lime- 
e  on  the  west  side  and  arenaceous  mica  schist  near  the  east 
in  Williams  River  Valley.  At  the  outcrop  the  limestone 
ion  of  the  quartzyte,  as  developed  by  erosion,  shows  that 
dip  of  the  quartzyte  is -beyond  question  conformable  to 
of  the  limestone. 

actions  29,  30  (map).  .  Section  29  crosses  the  northern  part 
le  schist  ridge  Tom  Ball,  where  it  is  a  tray-like  synclinal, 
30  the  middle  portion  where,  as  farther  south,  it  is  a  ca- 
etl  synclinal.  The  number  29  on  the  map  (back  of  a  house 
the  bridge  over  the  river)  shows  where  the  westward  dip 
le  limestone  underneath  the  schist  may  be  observed.  At 
place,  on  the  east  side  of  the  river  and  railroad,  the  lime- 
B  dips  eastward,  indicating  an  anticlinal  in  it  crossinuj  the 
jy.  The  high  ridge  of  West  Stockbridge  called  Maple 
commences  with  a  high  eastward  dip  just  north  of  where 
I  Ball  ends,  and  widens  northward. 

action   31.     On  the  north  side  of  an  east-and-west  road  a 
!  north  of  Housatonic  Village  (a  road  leaving  the  Housa- 
B  Valley  nearly  opposite  the  "Old  Furnace."     It  shows  a 
limestone  anticlinal  with  mica  schist  covering  either  side, 
hort  distance  to  the  northward  of  the  locality,  the  middle 
eastern  sides  are  cut  away  by  denudation;  the  western 
inues  northward  as  a  ridge  having  a  top  of  schist  and   a 
I  base  of  limestone,  both  dipping  westward  as  in  the  sec- 
Southward  the  limestone  disappears  beneath  the  schist, 
eastern    part  of   which    dips  eastward    toward    Monument 
ntain  (only  a  mile  distant  on  the  east  of  the  Housatonic) 
becomes  apparently  the  lower  schist  of  the  west  end  of  the 
ntain  with  limestone  beneath  it 

D  the  south  westward  of  the  above  (see  map)  occurs  a  low 
Dw  ridge  which  consists  of  quartzvte,  and  corresponds  ap- 
ntly  to  the  overlying  quartzyte  of  the  same  (west)  part  of 
ument  Mountain  ;  and  on  its  west  side  it  is  mica  schist, 
irering  to  the  schist  of  the  mountain  overlying  the  same 
rtzyte.  The  same  rocks  outcrop  farther  south  through, 
by  the  west  side  of  Housatonic  Village, 
ections  32,  38.  On  the  road  between  Glendale  and  the 
liams  River  Valley  in  North  Stockbridge,  and  north  side 
oad,  at  the  south  end  of  a  spur  of  Lenox  Mountain.  Sec- 
32  shows  the  very  nearly  horizontal  position  of  the  schist 
ydromica  schist  that  approaches  closely  mica  schist)  and 
erlying  limestone.  Nearly  the  same  dip  may  be  seen  farther 
t  where  the  road  descends  into  Williams  Biver  Valley. 
1  limestone  extends  up  200  feet  above  the  valley  on  the 
p  side  of  the  mountain,  and  a  railroad  runs  near  the  junc- 
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tion  ;  and  near  the  Foarey  qoarry,  aectioQ  S3  was  taken,  show- 
ing the  dip  of  the  limestone  under  the  schist  The  synclinal 
character  of  Lenox  Mountain,  and  the  tray-Iike  character  at  the 


:i.      1  m.  N.  of  Ho«.Wtenic  V;:'af«.  W.  of  r  Old  FtirrK'>  ' 


32.     W.  of  Cl««Ki«<«. 


Zl.    W.  StaciOwidK*.  FwA'cyt  Q. 


south,  is  sustained  by  the  sections  :  and  this  indicates  thattt'^ 
limestone  of  West  Siockbridge  and  Stockbridge  are  the  sac*^^ 
continuous  stratum  ;  a  fact  further  apparent  from  their  acin  ^ 
continuity  to  the  northward  in  the  town  of  Pitlsfield. 

Section  34.     Through  Monument  Mountain  from  the  ea^^ 
side   of  the   Housatonic   River,   at   Housatonic  village,  in       ^ 
southwest  direction,  nearly  to  the  road  from  Great  BarringlC^^J^ 
to  Stockbridge.    It  gives  the  true  dip  at  the  east  and  west  e: 
tremities  of  the  section,  and  the  mean  dip  of  the  intermedia' 
portion  ;  also  the  dip  of  the  limestone  at  a  quarry  to  the  eJ 
of  the  eastern   fool,  near  the  Stockbridge   road.     It  has   i^ 
masses  or  strata   of  quartzyte  with    arenaceous  or  quartzyi 


84.     ikrois  Monument  Mtn  .  Scutheittward  Uom  Hcv,»*to"  c  \.!!»ge  U  Stockbr  dg*  ro*d. 

mica  schist  between,  and  a  thin  bed  of  the  same  schist  und 
neath   the  western  quartzyte.     No  exposed  section  shows 
rock  underlying  the  western   lower  schist ;  but  the  dips  of 
schist  to  the  westward  of  the  river,  with  the  underlying  li 
stone,  as  explained  above  (p.  401),  leave  little  doubt  that 
limestone  passes  beneath  the  mountain.     The  upper  and  lo 
quartzyte   may  be  the  same  stratum   in  an  overthrust  folcB    as 
represented  in  the  following  figure.     In  that  case,  the  limest<z>z7e 
off  the  east  end   of  the  mountain   is  a  part  of  the  underly/o^ 
limestone  at  the  upward  bend.     The  position  of  the  quartzyi 
and  mica  schist  strata  west  of  the   mountain  and  of  the  Housa- 
tonic River  harmonizes  with  this  view,  as  shown  in  theexplana. 
tions  already  given  (p.  401).     A  line  drawn  from  the  elevation 
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of  Q-reat  Barrington  southeastward  to  tbe  locality  in  the 
ikapiit  valley  aifording  aection  28,  is  parallel  to  the  Mono- 
t  Mtn.  section,  and  about  three  miles  distant ;  it  is  similar  in 
:b  and  small  dip,  but  reversed  in  dip,  and  Id  having  thfl 
stone  at  the  ioe»l  end  nearly  vertical  in  bedding.  They 
1  to  be  counterparts,  in  the  system  ol  flezares  of  the  same 
:  strata. 


'hile  the  above  view  of  tbe  flexures  affords  a  suflicient  ex- 

ation  of  the  stratification,  it  may  not  be  the  right  one. 
re  may  be  actually  two  distinct  beds  of  quartzyte,  as  the 
re  represents  ;  or  piasibly,  the  beds  may  be  faulted  at  the 
ile  of  tbe  section,  and  a  displacement  sufficient  to  make 
trenlly  two  beds  of  quartzyte  oat  of  one ;  and  this  last 
r  has  in  its  favor  the  fact  of  much  irregularity  of  dip  on  the 
near  the  top.  Again,  there  may  be  a  reversal  of  the  fold, 
ing  the  quartzyte  underlying  quartzyte  or  Cambrian,  and 
jcbist  of  the  mountain  an  mferioT  stratum  of  the  same  forma- 
with  the  limestone  :ibove  the  ijuartzyle  and  also  an  over- 
5  stratum  of  achi.-t. 

actions  35,  36.  From  tbe  village  of  Lee.  Section  35  runs 
grard  through  the  western  and  larger  of  two  nearly  parallel 
s  starling  from  a  point  near  the  M.  E.  church  in  the  village. 
d  quartzyte  is  overlaid  by  arenaceous  or  very  quartzytic 
I   schist,  and  this  again  by  quartzyte.     Section  36  is  from 


western  side  of  a  more  eastern  ridge,  just  east  of  the 
ge;  it  is  remarkable  for  the  absence  of  quartzyte,  and  the 
lal  character  of  the  mica  schist,  notwithstanding  the  near- 
and  close  relations  of  the  two  areas.  At  the  top  of  this 
e  the  schist  bends  over  rather  abruptly  and  becomes  nearly 
leal.     It  may  be  faulted. 
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Sections  S7-S9  in  Tyringham.  Section  S7  is  on  a  Hoe  ez- 
tflDdiDg  nearly  westward  from  TynDgham  village  to  the  sammit 
of  "Cobble  Hill"  which  stands  in  the  valley  near  the  village. 
Fig.  39  is  a  view  up  the  valley,  looking  soathward,  showing 
the  hill  (at  c)  in  the  valley.  The  limestone  dips  beneath 
mica  schist  and  gneisc,  and  the  latter  is  the  predominaot  rock. 


The  lim«itoiie  and  schist  of  Cobble  Hill  extend  westward,  and 
are  the  rocks  at  a  high  level  (300  feet  or  so)  on  the  west  side  ol 
the  valley  jusi  ?i>uih  of  an  old  ShakcF  establishment :  and  thfv 
extend  from  that  place  northward  at  about  the  same  level  all 
the  way  to  South  L-e.  keeping  nearly  the  same  high  level.  At 
a  ['■oint  a  few  rods  south  of  the  Shr.ktT  establishment  (now  a 
summer  boarding  housed  tiie  'imtrstone  and  schist  outcrop  on 
the  road  side,  as  in  stvi:on  3^.  the  former  disappearing  under- 
neoiA  the  lalter;  but  whether  nnrmaWy  underlying  or  not  is  an 
undecided  qui 


?Vo:  ■•n  iK'.  A:  ;:.e  i.^y.  of  ;be  ess:  s'ore  of  Tyringham  val- 
'.ey,  in  S,'.,:';'.  L;>;\  «';  ene  ?e.:-.ie.i  cii^rizTit  d::"s  westvard  at  a 
sn-.sV.  :-.:-.i;'e,  o-i^^::.^:  :';.i?  r.^ai ;  ru;  i:  one  tlace,  ;as:  south  of 
this  crvxsfiT;^,  i:-.  ;  :e  ::r'.,:.  :/.e  l!~e>i:-e  :s  wen  overlying  the 
quaruyse  k:-..  s  :v.;;i7  wes;-^iri  ::;■  i^^.i  r.earv  the  same 
a:i}:'.c- ' 


<?>?>. 


:  '.er  :'  :'r.e  ;ow- of  Wasniagtoo, 
V.  ST.".  so-".-  o>:  ;he  iv«d  from 
:c:\>7  o;  jneniceo^a  mica  schist 
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with  qa&rtZTte,  tbe  rock  of  the  region,  above.    Only  a  few  feet 
without  rock  intervenes  between  the  schist  and  qaartzyie. 

Section  42.     In   Washington,  near  Ashley  Lake,  quartzyte 
and  mica  schist  in  contact,  with  like  dip. 


Section  43.     At  the  north   foot  of  South  Mountain,  souih  of 

Pittafield,  near  the  road,  where  ihere  has  been  quarrying.     The 

westward  dip  indicates  the  synclinal  structure  of  the  mountain. 

Section  32  (page  402)  represents  well  also  a  section  at  the 

so  utbwest  base  of  Sngar  Loaf  Mountain  in  New  Ashford. 

Sections  44-48  These  sect'ons  '  Adamf,  North  Adams 
and  Williamstown  bear  on  the  questoi  as  to  the  synclinal 
acruciure  of  Greylock     Seoton  4*  represeutB  the  limestone 


.^^bs. 


***^  acbist  at  the  eosi  base  of  Greylock,  in  Adams,  showing  the 
*-^tward  direction  of  dip  and  its  small  ani^le,  sustaining  the 
■^  tkaeryations  of  Prof.  Emmons  and  Prof.  E.  Hitchcock. 
^^  Sections  45,  46  are  from  the  western  bnse  of  tbe  Greylock 
^-oontains,  in   Williamstown,  at  the  entrance  to  the  Hopper, 


*Hd  also  agree  with  Emmons.  From  these  and  other  observa- 
'*ons,  Emmons's  section,  copied  in  section  48,  was  made.  Farther 
'West,  in  the  southern  part  of  Williamstown,  the  strike  becomes 
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nearly  east-and-west,  and  the  dip  southward ;  bat  this  is  true 
also  of  the  schist,  so  that  the  conformability  continue&  This  is 
true  also  to  the  north,  as  the  T-shaped  symbols  on  the  map 
point  out. 

Abreast  of  North  Adams,  the  dip  of  the  limestone  and  schist 
is  as  given  in  section  48,  the  dip  being  eastward  ;  and  between 
this  point  and  the  locality  of  section  44,  the  dip  varies  to  verti- 
cal and  thence  to  westward  as  in  that  section.  The  facts  make 
Greylock  a  broad  tray-like  synclinal  at  the  south. 

The  synclinal  character  of  the  Greylock  mass  is  manifest 
also  from  its  high  limestone  basement  which  it  has  on  both 
sides  (except  for  half  a  mile,  in  the  line  of  the  range,  between 
N.  Adams  and  Williamstown),  that  is  all  the  way  from  south 
of  the  Hopper,  northward  to  within  a  short  distance  of  the 
Notch  road,  nearly  south  of  Braytonville  ;  and  then  abreast  of 
Adams  for  about  three  miles,  the  limestone  has  this  great  height 
above  the  valley,  like  a  high  substructure  of  400  to  500  feet; 
southeast  of  Blackinton,  by  aneroid  nearly  500  feet.  The 
lower  400  to  500  feet  of  the  Hoosac  valley  consequently  were 
cut  down  through  limestone.  The  upper  limit  of  the  limestone 
is,  consequently,  about  1150  feet  above  the  sea-level ;  and  this 
is  nearly  one-third  of  the  whole  altitude  of  Greylock — 3,505 
feet.  The  high  limestone  basement  of  Greylock  in  N.  W. 
Massachusetts  has  its  counterpart  in  the  similar  high  basement 
of  Mt.  Washington  in  S.  W.  Massachusetts,  and  that  of  Mt 
Anthony  in  Bennington,  Vt. 

Seciion  49  crosses  the  road  on  Stone  Hill,  Williamstown, 
where  the  limestone  and  quartzyte  outQrop  together.  The  lime- 
stone, quartzyte  (the  chief  rock  of  the  hill)  and  the  black 
siliceous  slate  conform  in  angle  of  dip  along  the  surface  with 
only  short  intervals  between  the  outcrops.  Whether  there  is  a 
fault  or  not  between  ibe  limestone  and  quartzyte  I  found  no 


4l>.     Acrosi  pari  of  Stone  Hill.  S,  of  W.ilianstown. 


section  for  determining.  Deer  Hill,  south  of  Stone  Hill,  con- 
sists of  arenaceous  or  quartzytic  mica  schist.  Bald  Mountain, 
between  Williamstown  and  Clarkesburgh,  is  of  quartzyte  with 
some  schist,  as  described  by  Emmons ;  and  a  prolongation  of  it 
appears  to  extend  south  of  Braytonville  into  the  north  end  of 
the  Greylock  mass,  along  the  ascending  road  (but  chiefly  on  its 
eastern  side)  for  a  mile.* 

Section  50.  At  the  northwest  base  of  Mt.  Anthony,  in  Ben- 
nington, Vermont.  At  the  eastern  base  I  found  the  lime- 
stone  and  schist   to  dip   westward    corresponding  in  position 

*  The  letter  Q,  which  should  be  here  on  the  map,  is  by  oversight  omitted. 
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Tery  nearJy  with  that  of  aection  44  (Eastern  Greylock).  The 
Bjnclinal  character  of  the  moantain,  which  is  here  sustained  by 
my  observatioDB,  was  determined  by  the  Vermont  Geological 
Sarvey,  one  of  whose  sections  passes  through  the  mountaia. 
An  unpublished  aection  by  Prof.  James  Hall,  made  "about 
1845,"  first  described  in  1854  (in  this  Journal,  an  engraved 
plate  containing  this  among  its  sections  having  been  sent  by 
Mr.  Hall  to  the  writer)  shows  similar  dips  on  the  two  sides. 
Mt.  Anthony  is,  like  Greylock  and  Mt  Washington,  one  of  the 
more  elevated  summits  of  the  Taconic  range,  the  height  being 
2,606  feet  Mr,  Hall's  plate  of  sections  also  includes  one  of 
Ml  Washington,  and  sustains  the  synclinal  character  of  this 
moantain.  It  is  a  farther  interesting  fact  thnt  Ml  Anthony 
has  on  its  north  and  east  sides  a  similar  high  limestone  base- 
ment; its  height  is  about  400  feet  by  estimate  above  the  val- 
ley at  its  east  base. 


Section  51.  The  locality  of  this  section  is  in  Berlin  at  the 
vest  side  of  the  Taconic  range;  it  shows  the  slate  and  limestone 
n  alternations  at  their  junction,  with  the  bedding  somewhat 
lontorted.  The  section  conforms  to  all  seciions  on  the  west 
lide  of  the  Taconic  range  in  its  eastward  dip,  and  may  be  taken, 
vith  that  at  the  western  base  of  Mt.  Washingion,  as  a  repre- 
lentative  section.  Other  sections  might  be  added  from  my 
lote  book  from  all  parts  of  Berksliire:  but  the  T-ahaped  sym- 
bols over  the  map  make  further  additions  unnecessary. 

4.  Stratigraphic  Conclusions. 

1,  Taconic  schists  and  the  limestone  in  the  western  half  of  the 
limestone  region. — From  the  sections  througli  the  higher  points 
of  the  Taconic  Mountains,  Mt.  Anthony,  Greylock  ana  Mt. 
Washingion,  the  following  conclusions  are  deduced. 

(1.)  The  flexures  in  these  three  parts  of  the  Taconic  range 
are  synclinal. 

(2.^  The  limestone  is  the  underlying  rock. 

(3.)  The  limestone  lying  along  the  eastern  and  the  western 
sides  of  the  range  are  continuous  underneath  the  mountains 
and  therefore  one  in  mass, — a  fact  already  proved  for  the 
western  limestones  and  the  eastern,  by  their  continuity  of  mass 
at  the  surface.     It  follows,  consequently,  that — 
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(4.)  The  limestone  must  be  the  underlying  rock  in  general, 
for  the  lower  and  narrower  portions  of  the  Taconic  range — the 
schists  of  which  are  the  same  in  kind  and  essentially  con- 
tinuous. 

(5.)  The  above  conclusions  are,  for  like  reasons,  true  for 
Tom  Ball,  Lenox  Mountain,  South  Mountain  and  other  minor 
ridges  east  of  the  main  Taconic  range  in  the  western  half  of 
the  HousaYonic  Valley,  but  not  certainly  of  all.  The  hydro- 
mica  schists  and  mica  schists  of  these  mountains  are  hence,  for 
the  most  part,  younger  than  the  limestonea 

2.  Tlie  quartzyte^  qua'^tzytic  mica  schists  and  limestones  of  the 
eastern  half  of  the  limestone  region, — In  the  eastern  half  of  the 
Housatonic  Valley,  besides  true  or  normal  mica  schist,  there  are, 
in  alternating  strata,  as  has  been  shown,  arenaceous  (quartzytic) 
mica  schists,  massive  and  bedded  quartzytes,  thinly  bedded 
micaceous  quartzytes,  quartzytic  gneiss  or  gneissic  quartzyte. 
In  the  various  sections  that  have  been  described,  the^e  rocks 
are  shown  to  be  conformable  with  one  another  and  with  the 
limestone;  and  this  is  the  universal  fact.  Faults  may  occur 
^besides  those  noted,  and  many  of  them  not  now  exposed  to 
view  ;  but  the  conformability  is  a  fact  whatever  their  number. 

With  reference  to  these  rocks,  the  question  as  to  which  is 
normally  the  underlying  formation,  the  limestone  or  the  schists 
with  the  associated  quartzyte,  is  a  different  one  from  that  above 
answered,  and  one  not  admitting  in  all  cases  of  so  positive  an 
answer. 

Some  have  an  opinion  ready  in  advance  of  investigation, 
knowing  that  typical  Potsdam  is  sandstone  or  quartzyte,  and 
assuming  that  the  reverse  is  true, — that  quartzyte  is  Potsdam 
positively.  But  such  assumptions  leave  the  question  still  for 
investigation  since  sand  beds  belong  to  all  ages  and  times;  and, 
further,  with  special  periincnce  here,  they  occur  as  an  impor- 
tant part  of  the  Hudson  River  formation  in  eastern  New  York 
at  Chatham  (Columbia  County)  and  in  other  regions.  The 
quartzytes  graduate  into  mica  schists;  and  so  the  sandstones 
of  the  Hudson  Kiver  formation  graduate  into  shales.  Besides, 
the  schists  of  the  Taconic  hills  pass  by  gentle  gradations  east- 
ward into  the  arenaceous  mica  schist  and  quartzyte,  as  ex- 
plained for  southern  Berkshire  and  the  adjoining  towns  of  Con- 
necticut, on  pa^ic  437  of"  vol.  xxix,  1885. 

Many  of  the  sections  seem  to  leave  little  room  for  questioning 
the  overlying  position  and  Hudson  River  age  of  the  quartzyte. 
In  former  papers,"*^  I- have  presented,  as  evidence  on  this  point, 
facts  like  those  of  sections  22  and  23,  from  opposite  sides  of  the 
Konkaput  Valley  (see  map);  the  rocks  being  there  alike  in 
kind,  in  stratigraphical  relations,  in  small  dip,  but  opposite  in 

*  This  Journal,  III,  v,  33,  1873,  and  xiii,  46,  187V. 
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lirection  of  dip,  and  all  in  harmony  witb  the  idea  of  an  anti- 
ilinal  (northward  in  dip  of  axis)  spanning  the  valley,  with 
imestone  as  the  inferior  rock.  Farther  north  a  section  croas- 
Dg  the  same  vnllej  coniinued  across  Monument  Mountain 
p^  402)  presents  a  closely  pnrallel  case^  leading  to  the  same 
'iew  oi  the  atratigraphic  relations.  The  quartzyte  of  the  east 
md  of  the  anticlinal  over  the  valley  covers  the  western  flank 
»f  Bear  Mountain  from  Devanj's  quarry  nearly  to  Stockbridge. 

Studying  the  facts  connected  with  some  of  the  other  quartz- 
^tic  ridges  within  the  limestone  area  with  an  equal  readiness 
'or  either  conclusion  under  consideration,  it  is  difncult  to  avoid 
ibe  conclusion  that  the  limestone  is  the  older  formation. 

But  doublH  are  introduced — not  by  the  idea  that  Potadam  is 
mndstone  or  quaitzyte  and  sandstone  or  quartzyte  is  Potsdam, 
but  by  the  Berkshire  fact  that  «ome  of  the  quarr^yte  is  unquea* 
lionably  Potsdam  or  Cumbrian.  This  appears  to  be  true  of 
the  quartzyte. of  Bald  Mountain  between  northern  Williams- 
town  and  Clarksburg,  as  inferred  from  its  |>oailion  with  refer- 
ence to  the  Archfean  mountain  just  eastward,  and  its  connec- 
tion with  the  great  eastern  range  of  quartzyte  in  Vermont,  It 
is  true  of  that  of  southeastern  Pittafield,  eastern  Lenox,  eastern 
Lee,  eastern  Tyringham,  in  which  cases  Arch»an  rocks  are 
Dear  by,  a  little  to  the  eastward,  and  the  quarizyte  usually  dips 
westward  toward  the  limestone  as  if  passing  underneath  it,  and 
It  one  locality  has  been  observed  to  pass  beneath  it. 

In  the  case  of  the  quartzyte  over  the  west  slope  and  base  of 
3ear  Mountain,  referred  to  above,  the  fact  that  Archaean  prob- 
.bly  makes  the  higher  part  of  this  mountain*  is  good  reason  for 
^considering  the  conclusion  which  has  been  drawn,  and  quea- 


tioning  whether  the  fold   in  Monument  Mountain  is  not  the 
reverse  of  that  on  page  403,  as  here  figured.     The  question  has 

•In  mj  paper  of  1813,  in  vol.  v  of  this  JoumaL  p.  361,  atid  vi,  p.  263,  I 
dsBcribe  a  garnet  rock  consiaLing  of  gamet,  quarlz  and  some  hornblende,  as  occur- 
ring near  Ui«  aummit  of  Bear  U  con  tain ;  and  as  I  have  not  found  any  aimilar  rode 
(Iwwhera  in  tbe  limeatouo  aeries,  and  its  Mpect  is  Arclieean,  1  have  now  little 
doubt  of  its  ArctuGan  relations.  The  looae  maaa  of  cbondroditic  limestone  fDUDd 
on  the  south  margin  of  ibe  high  region,  as  reported  in  tbe  same  paper,  I  believe 
to  be  further  evidence  for  tbe  same  condusion. 
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its  two  (or  more)  sides,  and  can  be  settled  in  this  and  othe 
caMs,  only  after  a  careful  consideration  of  all  the  stratigraphi 
facts. 

The  quartzjte  of  Stone  Hill  and  the  qnartzytic  mica  schis 
of  Deer  Hill,  in  Williamstown,  may  be  either  of  the  upper  c 
lower  quartzyte  formation,  if  jadged  only  by  the  facts  the  hil 
presents.  But  the  position  of  these  areas,  in  the  Williamstow 
valley,  between  high  ridges  of  hydromica  schist  suggest  rathe 
that  it  is  the  underlying  Cambrian ;  and  this  is  to  be  inferre 
also  from  the  quartzyte  spur  of  the  Bennington  range  reachin, 
toward  it  from  the  borders  of  Pownal. 

The  northern  end  of  the  Greylock  ran^e  has  an  area  c 
quartzyte  as  a  continuation  of  that  of  Bald  Mountain,  as  states 
on  page  406  ;  and  the  mica  schist  near  this  quartzyte  north  an< 
east  of  it  may  be  Cambrian,  as  well  as  the  quartzyte.  Th 
mica  schist  has  much  resemblance  to  that  of  the  western  pai 
of  Hoosac  Mountain;  and  whatever  the  fact  hbout  the  foi 
mer,  there  is  pome  reason  for  making  Hoosac  Mountain  Cam 
brian.  In  its  western  part  the  mica  schist  is  highly  arenaceous 
like  much  of  the  mica  schist  of  the  Quartzyte  formation,  and  i 
is  scarcely  h'ss  destructible.  T  know  of  no  evidence  from  m; 
own  observations,  or  from  published  accounts,  that  proves  it  t< 
be  Archaean.  Prof.  E.  Hitchcock  long  since  supposed  a  faul 
to  separate  it  from  the  limestone  formation  of  Adams ;  but  th* 
fault  has  not  been  proved  to  exist,  and,  if  existing,  it  is  n< 
necessary  evidence  of  true  u  neon  form  ability.  Farther  south 
between  the  quartzyte  of  Cheshire  and  central  Savoj'  (see  map) 
the  mica  schist  is  probably,  like  the  quartzyte,  Cambrian. 

This  subject  will  be  considered  again  in  a  following  part  o 
this  memoir  treating  of  the  Lower  Quartzyte  formation. 

5.    Co7iclusio7i  as  to  the  age  of  the  Taconic  Rocks, 

When  the  paper  on  southern  Berkshire  was  published  tw< 
years  since,  the  evidence  as  to  the  age  of  the  Taconic  limeston< 
and  schists  consisted  in  the  occurrence  of  fossils  in  the  Ciisterr 
belt  of  limestone  in  Vermont,  near  Rutland  and  farther  north 
and  in  the  western  limestone  and  schists  of  Dutchess  County 
N.  Y.,  near  Poughkeepsie  and  elsewhere.  Since  then,  a: 
already  reportted  in  this  Journal,*  the  discovery  of  Lowe 
Silurian  fossils  in  Canaan,  N.  York,  has  given  additional  proo 
from  the  limestone  at  the  western  l)ase  of  the  main  Taconic  Rang* 
— the  localities  foun«l  occurring  within  one  to  two  miles  of  th< 
schists  of  the  range,  and  but  ten  miles  west  of  Pittsfield,  Mass 
Professor  W.  B.  D wight  joined  me  in  the  search  there  foi 
fossils,  but  did  all  the  finding.     The  first  account  of  them,  h^ 

♦  Vol  xxxi,  241,  248,  1886. 
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Mr.  S.  W.  Ford  and  himself  appeared  in  this  Journal  for 
A^pril,  1886,*  and  announced  the  existence  of  crinoidal  joints, 
ind  probably  a  .species  of  Cleiocrinus^  of  Pleurotomarta^  and 
Murchisonia ;  and  made  the  age  to  be  probably,  or  perhaps, 
Frenton.  The  localities  then  known  are  the  two  more  southern 
>f  the  four  marked  by  o  in  a  circle  on  the  map,  the  northern 
>f  these  two  being  that  at  the  railroad  tunnel  where  the  most 
3f  the  specimens  were  obtained.  At  the  meeting  of  the  Ameri- 
can Association  in  last  August,  Professor  Dwight  made  known 
>ther  fossils  from  a  locality  two  miles  north  of  the  tunnel,  at  Mr. 
Hemmingway's,  including  species  near  Ophileta,  one  to  nearly 
two  inches  in  diameter,  others  related  to  Hblopea,  and  numer- 
3us  small  crinoidal  disks.  Since  then  he  has  discovered,  in  the 
limestone  500  yards  farther  north  (on  the  property  of  Prof. 
Drown)  still  other  kinds,  including  a  brachiopod,  a  Lituites,  or 
related  form,  an  inch  and  a  quarter  across,  and  Orihocerata 
Dearly  a  foot  long  and  two. inches  in  diameter,  remarkable  for 
the  closeness  of  their  septa,  with  also  Trilobites  resembling  the 
Baihyuriy  and  other  kinds  not  yet  determined.  He  has  the 
fossils  under  investigation  and  will  report  on  them  before  long. 
The  age  of  the  fossils  at  the  last  mentioned  locality,  he  regards 
\a  either  Calciferous  or  Chazy. 

Whatever  doubt  may  exist  as  to  the  particular  periods  to 
rhich  the  .species  collected  should  be  referred,  it  is  beyond 
oubt  that  all  are  Lower  Silurian  in  ag**.  Other  fossils  which 
re  decisivefy  Trenton  in  age,  I  have  reported  ns  occurring  in 
>ose  masses  of  limestone  in  Canaan  on  the  farm  of  Mr.  E.  S. 
[all,  not  a  mile  from  the  schist  of  the  Taconic  range.f  The 
lasses  consist  largely  of  the  minutely  columnar  coral,  Soleno- 
oraj  which  occurs  in  small  nodule-like  for/ns  and  makes  a 
imestone  that  looks  like  a  limestone  conglomerate.  Along 
rith  this  coral,  occur  crinoidal  stems  and  other  small  fossils. 
?he  rock  is  nearly  identical  in  species,  and  in  aspect,  with  the 
lolenopora  limestone  found  far  to  the  southwest  at  Pleasant 
Talley,  within  eight  miles  of  Poughkeepsie,  and  described  by 
^rofessor  Dwight.  The  loose  masses  are  not  worn,  and  this 
avors  the  view  that  they  are  from  some  underground  ledge  to 
he  northward  or  northwestward,  although  none  just  like  it 
occurs  there  in  sight.  Mr.  Dwight  in  searching  for  an  outcrop 
>i  such  a  Solenopora  limestone  in  Canaan,  found  similar 
lodules  in  some  of  the  limestone,  but  they  failed  of  the 
^luranar  structure,  and  he  is  of  the  opinion,  that  the  failure 
8  due  to  incipient  metamorphism ;  which  is  very  probably  the 
'act ;  for  the  first  trace  of  metamorphic  change  would  obliterate 
solumns  only  l-500th  of  an  inch  in  diameter;  and  specimens 
ihus  changed  he  has  found  to  be  common  near  Poughkeepsie. 

*  Ibid.,  p.  248.  f  This  Journal,  xzzi,  241,  1886. 
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Adding  the  discoveries  in  Canaan  (Columbia  County,  New 
York),  on  the  western  side  of  the  Taconic  Range,  to  thofle  of 
Vermont  on  the  eastern  side,  and  in  Dutchess  County  to  the 
south,  the  facta  are  enough  to  demonstrate  the  Lower  Silu- 
rian age  of  the  Taconic  limestone,  the  eastern  and  western.  A 
Cambrian  limestone  is  in  places  included  in  the  formation,  and 
when  so  it  is  conformably  to  the  other  strata  except  where 
faults  occur.  Mr  Wing  announced  the  limestone  of  Ver- 
mont to  be  a  combination  of  limestones  from  Potsdam  to  Tren- 
ton inclusive;  and  Prof.  Dwight  has  found  the  same  to  be  true 
near  Poughkeepsie. 

I  have  not  felt  at  liberty  to  adduce  as  additional  evidence  to 
that  from  the  Canaan  limestone,  the  discovery  of  Lower 
Silurian  fossils  in  the  "  Sparry  "  limestone  of  Hoosac,  thirty 
miles  north  of  Canaan,  which  Prof.  Hall  stated,  at  the  meeting 
of  the  American  Association  in  1886,*  that  he  made  more  than 
forty  years  since,  because  Prof.  Hall  has  never  mentioned  this 
discovery  in  any  of  his  published  writings,  and  has  not  yet 
announced  the  kinds  of  species  or  the  particular  locality.  Science 
cannot  rightly  use  the  facts  before  these  details  are  made  known. 
The  existence  of  fossils  in  the  Hoosac  limestone  is  not  at  all 
improbable. 

[To  be  continued.] 

The  Views  of  Prof,  Emmons  on  the  Taconic  System. 

The  announcement  has  been  very  recently  made  that  Prof.  Em- 
mons admitted  that  the  age  of  the  western  (Sparry)  Taconic  lime- 
stone was  Lower  Silurian  in  his  second  report  on  the  Taconic 
System,  that  of  1844: — issued  first  in  a  quarto  pamphlet,  and  in 
1846  incorporated  with  his  Report  on  the  Agriculture  of  New 
York.  Since  my  writings  on  the  subject  will  need  some  correction 
in  case  this  is  a  right  interpretation  of  his  report,  I  have  been 
again  over  his  statements,  and  give  here  the  result. 

The  announcement  appears  in  a  paper  by  Dr.  T.  Sterry  Hunt,  in 
the  February  number  (])p.  114-125)  of  the  American  Naturalist 
(issued  near  the  close  of  March).f  It  is  stated  that  Prof.  Emmons 
in  1842,  in  his  first  detailed  publication  on  the  Taconic  system 
(Report  on  the  Geology  of  New  York,  1842),  pronounced  the 
Transition  or  Sparry  limestone,  like  the  rest  of  the  Taconic,  to  be 
older  than  the  lowest  member  of  the  New  York  Lower  Silurian 
(or  Champlain  Division),  but  that  in  1844,  1846,  "  he  made  one 
important  and  significant  change,"  "  acquiescing  in  the  judgment  of 
Eaton  "  [*of  1832  ']  he  "  now  declared  that  the  upper  portion  of  the 
Ta({onic  system — namely,  the  great  belt  of  slates  with  limestones, 
sandstones  and  conglomerates — designated  by  him  in  1842  as  the 
Taconic  slate,  and  including  both  the  Transition  Greywacke  and 

*  This  Journal.  Ill,  xxxi,  248.  1886. 

f  The  title  of  the  paper  is,  '*The  Tacofaic  Question  Restated." 
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Sparry  lime-rock  of  Eaton,  was  the  stratigraphical  equivalent 
he  lower  part  of  the  Champlain  division,  and  in  fact  a  thick- 
1  and  modified  form  of  the  Calciferoas  sandrock,  which  was 
**  said  to  be  in  its  eastern  extension '  protean  '  in  its  character 

to  inclade  a  great  variety  of  rocks."  Besides  this,  we  find 
»  in  the  same  paper,  the  idea  that  Professor  Emmons  "  came 
irard  in  1842  as  the  champion  of  the  views  of  Eaton,"  and  this 
t  is  repeated  afterward  in  other  championing  words  in  which 
first  correct  announcement  of  the  age  of  the  Taconic  System 
raced  to  Eaton. 

ince  it  is  established,  by  the  facts  already  presented  in  this 
noir,  that  Emmons's  Sparry  or  western  limestone,  and  his 
:^kbridge  limestone  (the  eastern)  are  one  in  mass,  any  argu- 
it  sustaining  the  Calciferous  age  of  the  Sparry  limestone  sus- 
is  the  same  for  the  Stockbridge  limestone.  But  that  Professor 
mons  suggested  the  Calciferous  as  the  age  of  either  of  these 
estones,  or  of  the  "  Taconic  slate,"  in  his  memoir  of  1844  and 
6,  or  was  a  "  champion  of  the  views  of  Eaton,"  I  have  been 
e  to  find  no  proof. 
!Tie  "  Champion  of  the  views  of  Eaton,"  Professor  Emmons, 

these  three  sentences  relating  to  Professor  Eaton  in  his  Re- 
ton  the  Geology  of  New  York  (1842). 

)d  page  19,  speaking  of  previous  geological  work  in  northern 
w  York,  he  says :  "  Previous  to  the  year  183*7,  nothing  exact 
3  known  of  the  geology  of  the  northern  district.     Mr.  Eaton, 

0  was  the  oldest  laborer  in  geology  in  New  York,  had  not  ex- 
ded  his  observations  far  into  this  field.  He  had,  however, 
resented  the  McCombe  Mountains  as  composed  of  ranges  of 
iss,  extending  from  the  valley  of  the  Mohawk  to  the  Provin- 

line,  and  the  intermediate  valleys,  of  limestone  extending 
ig  their  bases  and  around  their  northern  extremities ;  and  the 
>le  section  as  being  composed  of  two  principal  formations,  a 
boniferous  slate,  denominated  Primary,  and  a  calcareous  for- 
ion,  denominated  Secondary.  It  is  sufficiently  evident  that 
^his  was  imaginary ;  it  is  even  difficult  to  conceive  how  imagi- 
ion  could  have  carried  even  a  partial  observer  so  far  from  the 
;b."* 

'wo  linea  below,  on  the  same  page,  we  have  :  "In  this  paper 
Mr.  Finch]  there  is  a  brief  account  of  the  rocks  of  this  county 
Lawrence] ;  the  Potsdam  sandstone  was  spoken  of  as  a  Transi- 

1  rock,  and  the  Calciferous  sand-rock  of  Eaton  as  a  siliceous 
estone." 

)n  p.  280  :  '*  The  mass  of  grit  is  the  greywacke  of  authors ; 
le  portions  are  brecciated,  or  belong  to  that  variety  denom- 
bed  rubUe  by  the  late  Professor  Eaton." 

In  this  Journal.  HI,  xix,  270,  1880,  Dr.  Hunt  says  that  the  lithological  char- 
re  of  the  primary  gneissic  formation  of  northern  New  York  '*  were  clearly  de- 
1  by  £aton,  who  under  the  name  of  the  Macomb  Mountains,  described  what 
)  since  been  called  the  Adirondacks,"  etc. 

M.  Jour.  Sci.-  Third  Smries,  Vol.  XXXIII,  No.  197  —Mat,  1887. 
26 
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These  are  all  the  sentences  in  the  volanie  that  contain  the  name 
of  Eaton  or  relate  to  his  views. 

Professor  Emmons,  on  the  second  page  of  his  chapter  VII  on 
the  Taoonic  Sybtem,  has  the  heading,  ^^Persons  toho  have  Con- 
tributed  to  our  Knowledge  of  the  Taconic  rocks,"*^  and  under  it  the 
"  champion  of  the  views  of  Eaton,"  should  of  course  have  some- 
thing about  the  views  of  Eaton.  The  first  two  paragraphs  are  as 
follows : 

Page  136.  "  By  reference  to  the  early  numbers  of  the  Journal 
of  Science,  it  will  be  seen  that  Profs.  Dewey  and  Hitchcock  early 
turned  their  attention  to  the  rocks  under  consideration.  The 
former,  distinguished  for  his  scientific  attainments,  gave  an  elabo- 
rate essay,  wherein  the  rocks  were  described  as  fully  as  was  possible 
in  the  infancy  of  geology  in  this  country  ;  in  fact,  so  far  as  mere 
description  is  concerned,  very  little  remains  to  be  added.  In  1829, 
the  history  of  Berkshire  was  published,  the  matter  of  which  was 
contributed  by  the  clergymen  of  the  several  parishes  in  the 
county.  In  this  work  an  abridgment  of  Professor  Dewey's  former 
essay  appeared,  so  that  a  t^eneral  account  of  these  rocks  has  been 
widely  circulated.  Prof.  Hitchcock  has  at  various  times  furnished 
many  important  facts  in  regard  to  the  geology  of  Berkshire,  but, 
as  appears  from  his  publications,  has  relied  mainly  upon  the  infor- 
mation derived  from  Professor  Dewey's  labors,  especially  in  his 
elaborate  and  excellent  work  on  the  rocks  of  Massachusetts.*  To 
these  gentlemen,  therefore,  we  are  principally  indebted  for  the 
facts  which  have  been  placed  before  the  public." 

Page  125.  "The  limestones  of  Berkshire  have  been  fully  and 
ably  treated  of  by  Professors  Dewey  and  Hitchcock." 

Pa<j;e  151.  Speaking  of  the  Sparry  liqiestone,  he  says:  "  This 
limestone  is  calle<l  Transition  limestone  upon  the  geological  map 
contributed  by  Professor  Dewey  for  illustrating  the  geology  of 
Berkshire  county,  Massachusetts."! 

In  this  mention  of  earlv  workers,  there  is  not  a  word  about 
Eaton  anywhere.  Dewey  made  his  investigations  eight  to  fifteen 
years  before  Professor  Eaton's  work  of  1832  was  published.  Eaton 
made  no  observations  on  the  Taconic  rocks,  and  honorably  gave 
credit  for  all  he  knew  (see  page  1'7()  of  this  volume)  to  Prof.  Dewey. 
According  to  the  facts,  consequently,  "the  persistent  war  waged" 
against  "  the  view^s  of  Amos  Eaton  "  (p.  121  of  the  Naturalist) 
— till  now  an  unheard  of  war — was  begun  by  his  pupil.  Professor 
Emmons.  Eaton  was  a  man  of  great  energy  and  enthusiasm ; 
but  his  was  the  beginning-time  in  American  geology;  and  little 
credit  is  to  be  given  either  to  him  or  to  Dewey  for  their  adoption 
of  the  term  Transition  from  European  writers,  or  for  any  ideas 
on  the  age  of  the  rocks. 

Professor  Emmons  is  charged  (on  }).  120  of  the  paper  and  be- 

*  These  remnrkH  with  reference  to  Professor  Hitchcock  relate  evidently  to  his 
earlier  report,  that  of  1 885.  on  the  Geology  of  Massachusetts,*  and  not  to  his  later 
quarto  report  of  1 84 1 . 

f  ThiH  Journal,  vol.  viii,  1824.  Kmmons  dedicates  his  "American  Geology"  to 
Dr.  Dewev. 
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ond)  with  **  contradictions  "  and  "  perplexing  discrepancies  "  in 
is  volume  of  1 842 ;  and  in  a  note  at  the  bottom  of  the  page, 
pages  121, 124,  125,  280-282,  and  further,  p.  147,"  are  referred  to. 
»r  testimony  on  this  point.  Only  one  of  these  pages  is  in  the 
lapter  on  tlie  Taconic  system — the  "  and  further  p.  147."  I  find 
a " contradictions  "  or  "perplexing  discrepancies"  in  that  chap- 
5r,  or  in  anything  relating  to  the  Taconic  system. 
Professor  £mmon8  does  not  merit  the  condemnation  thus  made ; 
>r  he  is  clear  and  consistent  throughout. 

As  to  the  change  of  opinion  asserted,  I  find,  as  I  had  done  be- 
>re,  that  in  1842,  Professor  Emmons,  contrary  to  the  idea  con- 
eyed  on  page  123  of  the  paper  in  the  Nataralist,  made  the  Sparry 
r  western  limestone  older  than  the  Stockbridge  limestone,  be- 
Buse  the  western  dipped  eastward  beneath  it ;  he  commences  his 
aragraph  on  the  subject  of  relative  age  (Hep.  Geol.  N.  Y.,  "  and 
arther,  p.  147,")  with  the  sentence  '*  there  seems  to  be  no  valid 
eason  against  the  opinion  that  the  most  western  belt  oi  lime- 
fcone  is,  after  all,  the  oldest  of  the  Taconic  limestones," 
In  1844,  1846,  speaking,  in  his  Memoir,  of  the  Taconic  rocks,  he 
ays,  p.  63  of  the  Agricultural  Report  and  19  of  the  1844  pamph- 
't) :  *'  I  shall  describe  the  rocks  in  the  descending  order^'^  and 
»*8  is  the  order: 

I*irst.     "  The  Black  Slate  "  (on  pp.  63-66),  described  as  af- 
rding  at  Bald  Mountain,  Trilobites. 

Second:  "The  Taconic  Slate  with  its  subordinate  bkds" 
n  pp.  65-72) ;  of  which  he  says  :  "  Occupies  almost  the  whole 
Columbia,  Rensselaer  and  Washington  Counties "  (p.  72) ; 
extends  from  Lansingburgh  to  the  Sparry  limestone  in  the 
'Stern  part  of  Hoosic  near  the  western  bounds  of  Bennington  in 
ermont — at  least  20  miles  in  a  direct  line"  (p.  72);  "  It  crosses 
'e  [Hudson]  river  near  Poughkeepsie,  ranging  southward  so  as 
>  underlie  the  belt  of  country  to  the  west  of  Newburgh  for  six 
'  eight  miles"  (p.  103).  In  these  and  other  statements  he  gives 
^e  Taconic  slate  a  wide  range,  and  includes  under  it  slates  near 
'oughkeepsie  that  in  recent  years  have  afforded  Hudson  River 
K^chiopods.     He  makes  it  older  than  the  Black  Slate. 

Third:  The  **  Sparry  limestone  (on  pp.  72-74)  :  of  which  he 
^ys,  "Occupies  the  belt  of  country  comprising  the  eastern  part 
f  Dutchess,  Columbia,  Rensselaer  and  Washington  counties  (p. 
^);  "not  far  west  of  the  dividing  line  between  Massachusetts, 
ermont  [on  the  east  side]  and  New  York-[on  the  west]"  (p.  74) ; 
through  Ancram,  Hillsdfale,  Canaan,  New  Lebanon,  JDerlin, 
©tersburgh,  Hoosic,  Whitecreek,"  etc.  (p.  74j.  In  the  account 
f  this  limestone  I  find  nowhere,  any  more  than  in  that  of  the 
iconic  slate,  the  slightest  intimation  of  a  change  in  his  opinion 
8  to  its  age.  All  the  rocks  of  the  Taconic  series  are  made  un- 
)aivocally  older  than  the  Potsdam  sandstone. 
As  above  indicated,  Professor  Emmons  did  make  one  change  in 
944,  and  a  wise  one.  In  1 842  he  argued  from  the  eastward  dip, 
1 1  have  shown,  that  the  Sparry  limestone  was  the  oldest  of  the 
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Taconic  liraefttones.  In  1844,  1846,  he  dropped  the  argnmentaod 
the  conclusion,  and  showed,  by  sections,  how  through  flexures 
the  order  of  original  superposition  might  be  reversed.  This 
change  left  the  Sparry  limestone  and  Taconic  slate  older,  as  be- 
fore, than  the  Potsdam.  Further,  he  added  the  Black  slate  of 
Washington  Co.,  N.  Y.,  with  its  trilobites,  and  made  this  the 
upper  or  newer  member  of  the  series,  on  account  of  the  fossils, 
with  the  other  members  following  in  the  descending  order  above 
given, — the  quartzyte  at  the  bottom. 

Professor  Emmons  was  right  in  his  Berkshire  stratigraphical 
observations.  He  drew  chronological  conclusions  on  data  that 
we  now  know  to  be  too  uncertain  for  any  safe  inference,  and  on 
lithological  data  extended  his  system  beyond  its  true  limits;  but 
in  those  decisions  at  that  early  time  there  is  nothing  to  bis  dis- 
credit, while  his  investigations  are  greatly  to  his  honor. 

It  is  a  fact  of  historical  importance  in  the  Taconic  controversy, 
that  the  writings,  on  the  subject,  by  Professor  Mather,  the  Pro- 
fessors Rogers,  Dr.  D.  D.  Owen  and  Professor  R  Hitch(;ock,  the 
early  questioners  or  opponents  of  the  Taconic  system,  do  not  coo- 
tain  a  discourteous  word.  Their  criticisms  are  such  as  ffive  life 
and  progress  to  the  science.  Professor  James  Hall,  wnatever 
opinions  he  may  have  had  or  may  have  orally  expressed,  has 
nowhere  in  his  notes  on  the  fossils  of  the  Taconic  slate  (Black 
slate),  an  offensive  remark;  and  these  are  all  of  his  writings  on 
the  subject.  Logan,  after  the  Quebec  discoveries  of  the  Canada 
survey,  put  a  few  lines  in  his  Canada  Report — a  very  few,  in  all 
not  over  twenty  ;  he  did  it  courteously  and  not  even  controversi- 
ally. He  afterward  made  examinations  in  Vermont,  Massachu- 
setts and  New  York  which  gave  him  confirmatory  conclusions, 
but  personally  he  wrote  nothing  on  these  coiiclusioiis. 

The  writer's  acquaintance  with  the  Subject  began  in  1843,  after 
an  absence  abroad  of  four  years;  and  for  many  years  afterward 
he  was  learning,  but  published  nothing.     After  the  discoveries  o» 
fossils  in   Canada,   and  the  announcements  of  the  Canada  (je(y 
logical  Survey,  I  adopted  Logan's  opinion ;  and  this  is  presenteo- 
in  my  Manual  of  Geology,  published  first  in  1863.     It  appeare<i 
at  the  time  to  be  the  generally  accepted  opinion.     My  investigJ*^ 
tions  in  Berkshire  were  commenced  in  July  of  1871,  in  order  tX> 
get  at  the  truth,  without  any  feeling  of  opposition  to  Professo*" 
Emmons. 

Dr.  T.  Sterry  Hunt  was  one  of  the  strong  and  active  opponent^ 
of  the  Taconic  system  between  the  years  1849  and  1875.    Tb^ 
Report  of  the  American  Association  for   1860  has  his  decisioo 
that  **  The  results  of  the  [Canada]  survey  have  shown,  as  I  had 
the  honor  to  state  at  the  last  annual  meeting  at  Cambridge  [io 
1849],  that  the  Green  Mountain  rocks  are  nothing  else  than  ths 
rocks  of  the  Hudson  River  Group  with  the  Shawangunk  con- 
glomerates, in  a  metamorphic  condition ;"    and   in   his  address 
before  the  same  Association  for  1871,  he  stated,  as  he  had  done 
many  times  in  the  interval,  that  the  conclusion  of  Rogers  and 
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hther,  referring  the  Taconic  System  to  the  **  Champlain  Di- 
ision  **  of  the  New  York  rocks  had  been  sustained  by  snbse- 
aent  observations.  Further,  his  "Chemical  and  Geological 
^ys"  published  in  1875  (see  Title-page)  contains  the  Associa- 
OD  address  of  1871,  and  the  same  remarks  on  the  Taconic. 
ere  are  twenty-fioe  years  of  opposition  to  Professor  Emmons,  in 
Dumber  of  papers,  and  never  once  a  hint  that  Emmons  agreed 
ith  him  in  the  Calciferous  age  of  either  of  the  rocks.  The 
''Coant  of  the  investigations  of  Logan  and  Hall  in  Dutchess 
onnty,  New  York  and  elsewhere,  bearing  against  the  Taconic 
'Stem,  as  published  in  this  Journal  for  1865,  has  attached  to 
Dr.  Hunt's  name  as  he  was  the  writer.  Dr.  Hunt's  opinions 
ere  not  always  couched  in  courteous  language.  In  1861,  he 
akes  the  Taconic,  exclusive  of  the  slates,  equivalent  of  the  Cal- 
ferous,  adding  :  "  It  remains  to  be  seen  whether  Dr.  Emmons 
in  retain,  from  the  wreck  of  his  system,  the  lower  slates  as  a 
aconic  formation  older  than  the  Potsdam."  This  sounds  like 
persecution ; "  and  the  series  of  papers  like  "  persistent  war 
sged  against  Ebenezer  Emmons."  !Now,  the  Restatement  indi- 
tes for  its  author  a  return  to  the  idea  of  the  Calciferous  age  of 
Qie  of  the  Taconic  rocks.* 

^  The  coutiniiation  of  the  ''  Taconic  Question  Restated,"  to  be  found  in  the 
tsh  number  of  the  Naturalist  (pp.  238-250),  has  been  published  since  the 
ve  was  put  in  type  —the  number  having  been  received  at  New  Haven  April 
b.  It  calls  for  no  further  remarks.  But  as  it  will  aid  in  clearing  away  doubts, 
give  a  f  uUer  view  as  to  what  have  been,  as  the  author  expresses  it  (p.  248), 
y  own  teachings,"  I  cite  a  few  more  sentences  from  his  papers  during  the  25- 
r  period  of  opposition^  and  others  from  two  of  those  of  the  subsequent  pe- 
l  of  agreement. 

Review  of  the  Ptogreas  of  American  Geology,  in  this  Journal,  TI,  xxxi,  402,  1861. 
he  Quebec  group  with  its  underlying  shales  is  no  other  than  the  Taconic 
tem  of  Emmons. 

Meview  of  Mr.  Barrande,  On  the  Primoridial  Zone  in  Kortfi  America"  in  the 
ladian  Naturalist,  1861,  and  this  Journal,  II,  xxxii,  427,  1861.  "Dr.  Em- 
^B  claims  that  the  whole  of  his  Taconic  systism  is  inferior  to  the  Potsdam 
fistone,  which  is  the  admitted  base  of  the  Champlain  division,  but  we  have 
i-ady  shown  that  the  whole  of  his  system,  with  the  probable  exception  of  these 
-ea  [the  black  slates]  is  of  tlie  age  of  the  Calciferous  sandrock,  the  second 
tnber  of  that  division."  **  The  fossils  of  the  Quebec  group  show  it  to  be  the 
^oDtological  equivalent  of  the  Calciferous  sandrock.  The  Stockbridge  and 
irry  limestones  with  their  accompanying  slates  (excepting  only  7  and  8 
«  Taconic  slate  and  black  slate]),  we  conceive  to  be  no  other  than  the  Quebec 
^up." 

Address  to  the  American  Association^  August.  1871.  Salem,  1871. — p.  15,  "The 
3onic  system,  as  defined  by  him  [Rmmons]  may  be  briefly  described  as  a  scries 
uncrystalline  fossiliferous  sediments  reposing  unconformably  on  the  crystalliae 
lists  of  the  Green  Mountaius.  and  partly  made  up  of  their  ruins;  while  it  is,  at 
!  same  time  overlaid  unconformably  by  Uie  Potsdam  and  Calciferous  formations 
the  Champlain  division,  and  constitutes  tlie  true  base  of  the  paleozoic  column, 
;hus  occupying  the  position  of  the  British  Cambrian."  Hence  in  1871  the 
lior  had  not  made  the  discovery  that  Professor  Emmons  referred  any  part 
his  Taconic  system  to  the  Calciferous. 

liatory  of  the  Names  Cambrian  and  Silurian  in  Geology;  published  in  the 
ladian  Naturalist,  for  Ajtril  and  July,  1872. — p.  36,  "  Emmons,  misled  by  strati- 
.phical  and  lithological  considerations,  complicated  the  question  in  a  singular 
oner,  which  scarcely  flnds  a  parallel  except  in  the  history  of  Murchison's  Silu- 
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In  view  of  these  twenty-five  years  of  opposition,  and  of  present 
indications,  it  is  of  interest  to  read  again  (if  already  once  read) 
the  pathetic  remark  on  page  122  of  the  paper  in  the  Nataralist. 

"  There  is  a  painful  resemblance  in  many  respects  between  the 
story  of  Emmons  and  of  his  opponents  and  that  of  the  warfare 
waged  against  Sedgwick  by  Murchison  ^nd  his  allies  in  the  fam- 
ons  Cambrian  and  Silurian  controversy,  as  set  forth  by  the  present 
writer  in  1874  in  his  Chemical  and  Geological  Essays  (pp.  364, 
365) :''  the  same  volume  that  contains  Dr.  Hunt's  Association 
Address. 

A  note  to  "  opponents  "  in  this  sentence  states  a  further  incident 
in  the  "  persecution"  from  a  letter  by  Professor  Emmons,  in 
which  Professor  Emmons  says,  that  '*  the  editor  of  the  American 
Journal  of  Science  refused  to  publish  my  remarks  upon  Logan's 
Report  when  he  [Logan]  announced  his  Huronian  Systrm, 
though  their  tenor  was  courteous  in  the  extreme;  I  claimed  that 
the  Huronian  was  only  the  Taconic  System."  The  refusal  was  on 
the  ground  th^t  the  ^^  remarks  "  contained  no  facts  sustaining  the 
opinion,  and  that  opinions  on  such  a  point  without  facts  were  of 
no  value  to  the  science.  The  Huronian  region  and  the  Taconic 
were  remote  from  one  another,  and  Logan's  discoveries  of  fossila 
in  Canada  seemed  to  be  too  decisive  to  be  so  set  aside. 

But  this  instance  of  "  pereecution  "  occurred  far  back  in  that 

rian  sections.  Completely  inverting,  as  I  have  elsewhere  shown,  the  order  of 
succession  in  his  Taconic  system,  estimated  by  him  at  30.000  feet,  he  placed  near 
the  base  of  the  lower  division  of  the  system,  the  Stockbridpe  or  Kolian  limestone, 
including  the  while  mnrbles  of  Vermont  which  by  iheir  organic  remains  have 
since  been  by  Billings  found  to  belong  to  the  Levis  formation  [Quebec  group]. 

The  following  are  those  on  Me  oOier  side. 

On  Olk  Azoic  Rochs  of  Southtiistern  Perncsylvania.  Report  E.  of  Geol.  Survey 
1878,  pp.  20t).  207.  "  \Vo  have  given  reasons  for  regarding  the  Lower  Taconic, 
or  the  Primal  and  Auroral  strata  of  the  great  .Appalachian  Valley  as  the  equiva- 
lents of  the  similar  series  in  southern  N.  Brunswick  and  of  the  Hastings  series 
in  Ontario  with  its  Scolithus  and  Kozoon.  While  it  has  been  shown,  in  a  preced- 
ing chapter,  that  the  Upper  Taconic  includes  the  organic  remains  of  the  European 
Cambrian  at  least  as  low  as  the  Menevian,  it  is  l)y  no  means  certain  whether 
the  Lower  Taconic  series  is  to  be  regarded  as  the  equivalent  of  the  still  lower 
beds  of  the  (yanibrian  of  Great  Britain  and  Sweden.  In  this  uncertainty  it  is 
deemed  well  to  preserve  for  this  series  the  original  name  of  Taconic." 

"  Thfi  Taamic  Question.''  84  ])p.  4to,  published  in  the  volumes  of  the  Transac- 
tions of  the  Koyal  Society  of  Canada  for  1883  and  1884.  In  the  **  conclusions  " 
the  author  says  (pp.  149.  150):  'There  exists  in  eastern  North  America  a  great 
group  of  stratilied  rocks,  consisting  of  quartzytes,  limestones,  argillites  and  soft 
crystalline  schists,  which  have  altogether  a  tliiekness  of  4000  feet  or  more,  and 
are  found  resting  unconfV)rmably  upon  various  more  ancient  crystalline  rocks 
from  the  Laurentian  to  the  Montalban  inclusive.  This  series  called  Transition  by 
Maclure  ....  is  the  Lower  Taconic  of  Emmons."  This  series  which  I  have  pre- 
ferred to  call  Taconian  is  essentially  one  of  Transition  crystalline  rocks." — p.  151, 
"The  Taconian.  as  T  have  suggested,  may  constitute  a  link  between  the  older 
Eozoic  groups  and  those  of  Paleozoic  time." — p.  151,  "the  Upper  Taconic  group, 
the  First  Graywacke  of  Katon.  the  Potsilani  and  Quebec  groups  of  Logan  (which 
Uioliide  a  large  part  of  what  was  described  by  Mather  and  by  Logan  as  Iludson 
fUver  group)  we  have  seen  to  be  the  Appalachian  representative  of  the  Cambriao 

^  ^^anj  one  doubts  whether  the  author  of  the  preceding  extracts  and  of  tlie  arti- 
Ib  fne  Kataralist  is  one  and  the  same  person  he  must  investigate  for  himself. 
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interval  of  twenty-five  years  during  which  Dr.  Hunt  was  one  of 
the  persecutors  if  there  were  any  such — an  interval,  moreover, 
which  was  continued,  without  any  abatement  in  the  opposition  on 
Dr.  Hunt's  part,  for  twelve  years  after  Professor  Emmons's 
decease. 

I  think  I  have  stated  facts  enough  to  end  the  Taconic  contro- 
versy. The  work  which  Professor  Emmons  did  in  the  strati- 
graphical  geology  of  the  Taconic  region  and  his  discoveries  in 
Paleotitology  will  in  the*  main  stand  ;  while  no  effort  can  keep 
life  in  wrong  conclusions,  whatever  the  source. 


SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  On  the  generation  of  Chlorine  gas  in  Kipp*s  apparatus. — 
The  use  of  bromine  in  the  laboratory  would  appear  to  be  due  in 
many  cases  to  the  inconveniences  attending  the  ready  preparation 
of  the  more  active  chlorine.  Winkler  has  sought  to  render  the 
preparation  of  chlorine  easier  by  suitably  modifying  the  ordinary 
process  of  obtaining  this  gas  from  chloride  of  lime  and  hydro- 
chloric acid.  For  this  purpose  the  chloride  of  lime  is  mixed  with 
about  a  fourth  of  its  weight  of  calcined  gypsum,  and  then  so 
moistened  with  cold  water  as  to  form  a  crumbly  semi-coherent 
mass.  It  is  stirred  in  a  mortar  until  entirely  homogeneous  and 
then  is  beaten  with  an  iron  mallet  into  a  square  iron  frame  ten  or 
twelve  millimeters  thick,  resting  on  an  iron  plate.  When  full  the 
sides  are  covered  with  wax-cloth  and  the  whole  is  submitted  to 
the  action  of  a  strong  press.  The  square  cake  thus  obtained  is  then 
cut  into  smaller  squares  and  dried  at  a  temperature  not  exceeding 
20°.  The  cubes  thus  obtained  should  be  preserved  in  a  well- 
closed  vessel.  When  used  they  are  placed  in  a  well-made  Kipp's 
gas-evolution  apparatus,  with  hydrochloric  acid  of  1*124  specific 
gravity  previously  diluted  with  an  equal  volume  of  water.  The 
preparation  of  chlorine  in  this  way  is  as  convenient  and  its  evolu- 
tion as  constant  as  that  of  carbon  dioxide  by  the  use  of  marble. 
The  author  announces  that  Trommsdorff  has  agreed  to  keep  these 
cubes  already  made,  on  hand  for  sale. — Ber.  JJerl,  Chem,  Ges.y 
XX,  184-6,  Feb.  i887.  Q.  f.  b. 

2.  On  the  action  of  Kaolin  ofi  the  alkali-chlorides. — In  study- 
ing the  action  of  kaolin  on  the  halogen  compounds  of  the  alka- 
lies, GoRGBU  has  shown  that  when  this  substance  is  calcined 
with  these  compounds,  ^double  neutral  silicates  are  formed,  which 
themselves  in  some  cases  form  direct  combinations  with  the  halo- 

fen   salts.     The   sodium-aluminum    silicate   thus   formed   unites 
irectly  with  so«iium  iodide  to  form  a  well  crystallized  compound. 
When  the  kaolin  is  calcined  with  sodium  or  potassium  chloride. 
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hydrogen  chloride  gas  is  disengaged  in  abundance  at  a  red  heat; 
and  if  the  action  be  continued  in  presence  of  water  vapor,  a  con- 
siderable proportion  of  the  chloride  will  be  decomposed,  depend- 
ing on  the  amount  of  alumina  in  the  kaolin.     Bromides  under 
these  conditions  evolve  hydrogen  bromide ;  but  iodides  evolve 
iodine,  the  hydrogen  iodide  being  broken  up  by  the  beat.     If  the 
kaolin   is  anhydrous  and  the  calcination  is  effected  in  a  current  ot 
dry  air,  chlorine,  bromine  and  iodine  are  evolved,  but  the  action 
is  much  slower.     By  using  kaolins  free  from  carbonates,  by  mix- 
ing»^lhem  thoroughly  with  the  quantity  of  salt  that  they  can  com- 
pletely decompose  and  by  carrying  the  mixture  in  half  an  hoar  to 
a  cherry-red  and  maintaining  it  there  for  three-quarters  of  an 
hour  in  a  current  of  steam,  97  per  cent  of  the  chloride  may  be 
decomposed,  yielding  hydrogen  chloride.     With  absolutely  di 
materials,  heated  in  dry  air  to  a  bright  cherry-red,  about  one-hi 
of  the  chlorine  contained  in  the  salts  is  obtained  free. — Ann, 
Chim.  Phya.,  VI,  x,  146-170,  Feb.  1887.  G.  p.  B. 

3.  On  the  Distribution  in  the  Soil  of  the  nitrifying  organic, 
— In  a  paper  published  some  years  ago,  Warington  gave  an  a< 
count  ol  the  experiments  which  he  made  at  Rothamsted  to  ascer 
tain  to  what  depth  the  presence  of  the  nitrifying  organisms  coal 
be  detected  in  the  soil.  From  three  series  oi  experiments  ei 
bracing  28  trials  he  concluded  that  "in  our  clay  soils  the  nitrif 
ing  organism  is  not  uniformly  distributed  much  below  9  iucl 
from  the  surface."  Subsequently,  further  experiments  in  this 
rection  were  made,  essentially  similar  to  ,the  others  except  tl 
rather  more  soil  was  ])laccd  in  the  solution  to  be  nitrified  and 
this  solution  a  decigram  of  gypsum  was  added  to  each  liter, 
results  were  now  in  many  respects  entirely  different.  Not  o 
was  the  process  of  nitrification  more  speedy  but  soil  from  v 
considerable  depths  was  found  capable  of  starting  it.  Soil  fi 
a  fallow  plot  had  this  property  uniformly  to  a  depth  of  2  feet 
in  some  cases  to  8  and  even  4  feet.  Soil  from  a  white  clover 
was  all  effective  down  to  3  feet,  and  one  sample  at  4  feet  and 
at  6  feet  were  found  to  be  so.  The  lucerne  plot  produced  uiCrF/tf. 
cation  with  all  samples  down  to  4  feet  and  one  sample  at  6  feet 
was  active.  A  third  series  of  experiments  was  made  a  year  Ister, 
to  see  if  these  results  could  be  due  to  the  contamination  of  XhM  ^ 
solutions  in  the  field  by  soil-dust  from  the  surface.  But  the 
suits  confirmed  those  already  obtained.  No  failure  to  prodac 
nitrification  was  observed  in  samples  of  soil  down  to  and  incluc 
ing  a  depth  ol  two  feet  from  the  surface.  At  3  feet  only  on--  '^ 
sample  out  of  eleven  failed.  At  6  feet  one-half  the  trials  failed  ^^» 
and  at  7  and  8  feet  all  failed.  The  failure  in  the  earlier  experi-  ^" 
ments  was  due  the  author  thinks  to  the  absence  of  gypsum  froi 
the  test  solutions.  The  final  conclusion,  therefore,  is  that  th( 
nitrifying  organisms  are  practically  confined  to  the  surface  soil; 
for  although  thef  may  occur  at  considerable  depths  in  a  loam  or 
clay  subsoil,  they  occur  there  in  small  quantity  and  in  feeble 
condition. — J,  Chem.  Soc.^  li,  118,  Feb.  1887.  G.  f.  b. 
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4.  On  the  Absorption  of  Oases  by  Carbon, — Though  experi- 
aents  have  been  freqaently  made  to  determine  the  yolume  of 
arious  gases  which  a  unit  volume  of  charcoal  absorbs,  there 
eem  to  have  been  very  few  attempts  to  determine  the  compo- 
ition  of  the  gas  subsequently  given  up  by  the  charcoal  on  heat- 
Dg.  Bakbr  has  undertaken  some  experiments  to  ascertain  the 
tatiire  of  the  gas  thus  given  up  by  charcoal  when  it  has  absorbed 
•xygeii.  The  charcoal  examined  was  that  from  boxwood  and 
.nimal  charcoal ;  but  as  the  latter,  especially  after  purification, 
.bsorbed  a  far  larger  volume  of  gas  it  was  used  by  preference, 
duplicate  experiments  were  also  made;  the  oxygen  being  dried 
n  one  series  and  saturated  with  moisture  in  the  other.  The  car- 
ion  was  contained  in  a  cylindrical  bulb  one-quarter  to  one-third 
»f  an  inch  in  internal  diameter,  drawn  out  to  the  size  of  a  quill 
it  one  end.  By  means  of  a  Sprengel  pump  the  whole  was  ex- 
lansted,  the  bulb  being  heated  to  a  high  temperature.  After 
cooling,  it  was  attached  to  a  gas  pipette,  oxygen  was  allowed  to 
mter  and  to  remain  at  the  normal  pressure  until  the  absorption 
^as  complete,  the  bulb  meanwhile  being  immersed  in  water  or  in 
i  freezing  mixture,  at  pleasure.  The  bulb  was  then  exhausted. 
Dn  heating  it  now  to  100°  and  exhaustion,  the  gas  obtained  from 
t  could  be  examined.  The  author  finds :  1st,  that  moist  oxygen 
ibsorbed  at  — 15°  by  carbon,  is  not  evolved  free  or  combined  at 
12°;  2d,  that  (a)  the  water-vapor  and  oxygen  thus  absorbed, 
pvhen  kept  for  a  week  at  100°,  produce  carbon  dioxide,  the  char- 
3oal  giving  up  Y  times  its  volume,  {(i)  water  vapor  and  carbon 
kept  at  100°  for  a  week  produce  no  carbon  dioxide,  and  (y)  car- 
bon and  dry  oxygen  at  100°  for  a  week  produce  no  carbon  mon- 
oxide; 3d,' that  (a)  a  temperature  of  460°  is  required  to  remove 
the  dry  oxygen  retained  by  carbon,  carbon  monoxide  being  the 
chief  product,  (fi)  the  more  free  from  moisture  the  substances  the 
less  the  oxidation,  and  hence  (y)  carbon  is  burned  directly  to 
monoxide  by  the  absorbed  and  firmly  retained  oxygen. — J,  Ch, 
Soc,  li,  249,  March  1887.  G.  F.  b. 

5.  On  the  Valence  of  Bismuth. — The  fact  is  well  known  that 
the  organic  compounds  of  the  nitrogen  group  show  in  their  triva- 
lent  combinations  a  greater  intensity  in  the  free  bonds  than  the 
inorganic  compounds.  Thus  while  arsenous  chloride  AsCl,  will 
QOt  unite  with  more  chlorine,  methyl-arsenous  chloride  CH,AsCl, 
forms  a  tetrachloride.  Michaelis  has  soufjht  to  determine  in 
this  way  the  quinquivalence  of  bismuth.  By  adding  bromine  to 
\  solution  of  bismuth-methyl  in  well-cooled  petroleum-naphtha, 
no  addition  product  was  obtained.  Nor  was  he  able  to  add 
8thyl  iodide  to  bismuth-methyl.  But  bismuth-phertyl  thus 
treated  gave  at  once  triphenyl-bismuth  dibromide  (C^Hj),BiBr, 
ind  chloride  (C.HJjBiCl,,  a&  permanent  and  well  defined  com- 
pounds. In  these  bodies  we  have  for  the  first  time  compounds  in 
sehich  five  univalent  atoms  or  atomic  groups  are  united  to  a  sin- 
de  atom  of  bismuth;  and  hence  they  establish  the  quinquiva- 
fence  of  bismuth  as  certainly  as  they  did  that  of  antimony. — Ber. 
Berl.  Chem.  Oes.^  xx,  62,  Jan  ,  1887.  g.  f.  b. 
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6.  On  the  Action  of  Phosphoric  chloride  on  Ethyl  acetondicar- 
bonate — In  the  hope  of  elucidating  the  constitution  of  certain 
unsaturated  acids  of  the  fatty  series,  Burton  and  von  Pschmaxx 
have  examined  the  product  of  the  action  of  phosphoric  chloride 
upon  ethyl  acetondicarbonate,  as  well  as  the  two  other  bodies, 
acid  in  character,  which  are  produced  from  this  by  the  loss  of 
hydrogen  chloride.     The  first  product  of  the  above  reaction  is 
probably  C(),C,H,.CH,.CC1,.CH,.C0,C,H.;  and  this  loses  HCl 
spontaneously  and  becomes C(),H.CH.CC1.CH^.C0,H,  which  be- 
cause of  its  formation  and  analogies  the  authors  call  /^-chlorglut- 
aconic  acid.     By  the  further  loss  of  HCl,  a  new  dibasic  acid  is 
formed  having  the  formula  CJI^O^,  to  which  they  give  the  name 
glntinic  acid,  and  for  which  the  constitutional  formula  CO,H.^  _^ 
CEC.CH,.CO,H  appears  most   probable.     The  former   acid  i^^ 
obtained  in  white  crystals  fuHing  at  129°  and  easily  soluble  i 
water.     The  latter  acid  crystallisses  in  white  needles  and  fuse 
with  decomposition  at  145^-146°.     It  is  easily  soluble  in  watci 
alcohol  and  ether,  insoluble  in  chloroform  and  in  benzene. — Be 
BerL  Chem.  Gea.^  xx,  145,  February,  1887.  g.  f.  a 

7.  On  the  hehavkyr  of  Iron  ana  Hted  under  the  operation  •  ^ 
feeble  magnetic  forces. — Lord  Kaylbigh  discusses  in  this  paic^-^p^e*! 
the  question  whether  iron  responds  proportionally  to  feeble  mr-^s..,o.. 
netic  forces.  This  question  is  of  practical  interest  in  the  worki  ^^ 
of  telephonic  instruments.  The.experimcnts  of  Ewing  apparen 
prove  that  the  hypothesis  of  Maxwell  that  when  the  molec 
magnets  of  Weber  are  rotated  they  undergo  first  an  elastic 
then  a  partially  non-elastic  deflection,  does  not  represent 
actual  })henomenon.  They  suffer  instead  a  "  kind  of  fricti 
retardation  which  must  be  ovorcome  by  the  magnetizing  f<zn3rce 
before  deflection  begins  at  all."  The  experiments  of  Uaylc:^/<yA 
prove  "that  in  any  condition  of  force  and  magnetization,  the  s^us- 
ceptihility  to  small  j)eriodic  changes  offeree  is  a  definite  and  not 
very  small  quantity,  independent  of  the  magnitude  of  the  sr^iall 
chani^e.  That  the  value  of  the  susce|)tibility  to  small  changes  of 
force,  is  approximately  independent  of  the  initial  condition  as 
regards  force  and  magnetization,  until  the  region  of  saturation  is 
approached." 

In  the  course  of  his  investigation  the  author  experimented  up<_»^ 
the  construction  of  a  sensitive  galvanometer  with  a  field  strengt 
ened  by  iron.     The  system  of  needles  was  astatic.     The  eleetf 
magnet  was  of  horseshoe  form,  with  a  core  of  hard  Swedish  ii( 
wire  3*3"""  in  diameter.     The  electro-magnet  was  held   so  as 
embrace  the  upper  needle  system.     The  experiments  showed  thi 
a  galvanometer  of  high  sensitiveness  could  be  thus  constructed. 
The  tendency  to  residual  magnetism  would,  however,  be  troubl 
some. — P/tU.  Mag.,  March,  1887,  pp.  225-245.  j.  t. 

8.  Movements  of  the  Wings  of  Birds^  represented  according  C' 
three  dirnensioual  space. — M.  Marey,  in  a  very  interesting  articl 
illustrated  by  figures,  represents  the  results  obtained  by  instants 
neous  photographs  of  the  flight  of  birds  taken  successively  as  i 
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the  bird  were  projected  on  three  planes.  It  is  hoped  that  this 
new  method  of  stndy  of  the  flight  of  birds  will  add  largely  to 
oar  knowledge  of  the  kinematics  of  flying." — Comptes  RenduSy 
No.  6,  Feb.  7,  1887,  p.  328.  j.  t. 

9.  Upon  the  Magnetic  effect  of  Earthquakes, — At  varioas  mag- 
netic observatones  on  the  continent  of  Europe,  slight  disturb- 
ances were  registered  which  apparently  were  connected  in  time 
^^tli  the  late  earthquakes.  M.  Mascart  believes  that  a  more  care- 
l\i1  examination  of  the  records  of  different  observations  will  show 
tihe  connection  which  may  exist  between  the  two  disturbances. — 

Comptee  JRendvs,  No.  10,  March  7,  1887,  p.  634.  j.  t. 

10.  Heat  of  the  Sun, — FbOlich  communicates  the  second  por- 
'^ion  of  his  voluminous  paper  on  the  measure  of  the  sun's  heat. 
In  the  course  of  the  paper  ne  examines  Langley's  hypothesis  that 
The  absorption  of  heat  is  proportional  to  pressure  of  air,  and  does 
not  find  a  suitable  agreement  between  his  own  observations  and 
x^cords  of  the  barometer.  He  concludes,  therefore,  that  the  hy- 
pothesis is  not  true.  The  observations  show  that  the  heat  of  the 
sun  is  subject  to  important  changes.  The  question  whether  an 
increase  of  the  sun's  heat  follows  a  lessening  of  the  sun's  spots 
<;annot  be  decided  without  a  more  careful  study. — Annaien  der 
J^hyHk  und  Ghemie,  No.  4,  1887,  pp.  582-620.  J.  t. 

II.    Geology  and  Natural  History. 

1.  Bulletin  of  t?ie  American  Museum  of  Natural  HiMory^ 
New  York, — No.  8,  of  vol.  i,  issued  Dec.  28,  contains  a  notice  of 
investigations  on  Lower  Silurian  geology  along  the  eastern  shore 
of  Lake  Champlain,  by  Professor  M.  Seely  and  Pres.  E.  Brainerd 
of  Middlebury,  Vt.,  with  a  description  of  new  fossils  by  R.  P. 
Whitfield ;  and,  by  the  same,  a  notice  of  a  new  fossil,  probably  a 
sponge  related  to  Dictyophyton,  from  the  slates  at  Kenwood, 
near  Albany,  N.  Y, 

2,  Brief  notices  of  some  recently  described  Minerals.  Caraco- 
LiTE. — This  mineral  was  investigated  by  the  late  Professor 
Websky  of  Berlin,  but  was  not  announced  until  November,  1886, 
shortly  after  his  sudden  death.  Its  characters  are  as  follows : 
Orthorbombic  with  pseudohexagonal  symmetry  due  to  twinning. 
The  crystals  appear  as  obtuse  double  hexagonal  pyramids  with 
prism,  resembling  witherite,  to  which  it  is  also  related  in  its  axial 

relations,  viz :  (I :  ft:c=0-5843: 1 :  0-4213.  The  colorless  crystals 
of  oaracolite  are  associated  with  minute  bright  blue  cubes  of  the 
rare  species  percylite,  and  the  material  analyzed  consisted  of  a 
mixture  of  the  two  species  in  about  the  ratio  of  6:1.     The  com- 

Kiition  deduced  for  pure  caracolite  is  expressed  by  the  formula 
H01O  +  Na,S0„  requiring:  Pb  51-56,  Na  1 1-46,  S  7-97,  CI  8*84, 
H  0*25,  O  19*92= 100.  The  mineral  is  named  from  the  locality 
Q^raooles,  Chili.— ^er.  Ak,  Berlin,  p.  1046,  Nov.,  1886. 

Kaijofhilite.     In  an  extended  article  upon  the  ejected  masses 
'it^m  Mokite  Somma,  Mierisch  describes  a  mineral  allied  to  nephe- 
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lite  calling  it  kaliophilite,  the  name  having  reference  to  its  hieh 
percentage  of  potasn.  It  occars  in  colorless  prismatic  or  acicalar 
crystals,  which  do  not,  however,  show  sufficient  distinctness  of 
form  to  allow  of  the  system  being  determined  to  which  they 
belong. ,  They  show  basal  cleavage,  are  optically  uniaxial  with 
negative  double  refraction;  the  specific  gravity  is  2*602.  An 
analysis  afforded  : 

SiOa  AlaO,  CaO  K,0  Na,0 

}    37-45  32-43  218  27*20  2-26=101-52 

This  corresponds  to  the  formula,  K,Al,Si,Og  which  is  that  of  an 
anhydrous  muscovite,  and  is  analogous  to  that  of  anorthite,  nephe* 
lite  and  eucryptite  in  which  calcium,  sodium  and  lithium,  respec- 
tively, enter  m  the  place  of  the  potassium  here  present. — Min^petr, 
Mitth.y  viii,  160. 
Habstigite.     Described  by  G.  Flink  of  Stockholm.    It  occurs 

in  prismatic  orthorhombic crystals  with  an  axial  ratio  oi  dibi  c= 
0-7141: 1 :  1*01495.  No  cleavage  was  observed;  fracture  small 
conchoidal  to  splintery ;  hardness  6-5  ;  specific  gravity  8*049  ; 
colorless  with  vitreous  luster.     An  analysis  on  0*3  gram  yielded : 


SiOa 

A1,0, 

MnO 

CaO 

MgO 

K,0 

Na,0 

H,0 

38-94 

10-61 

12-81 

29-23 

3-27 

0-35 

0-71 

3-97=99-89 

This  does  not  lead  to  a  satisfactory  formula,  and  the  composition 
must  remain  somewhat  doubtful  until  more  material  is  obtained 
for  investigation.  Obtained  at  the  Harstig  mine  at  Pajsberg, 
Sweden. — Bihang  Svensk,  VeL-Akad,^  Handl,<,  xii,  1886. 

ScHUNGiTE.  A  name  given  by  A.  von  Inostranzeff  to  a  form 
of  amorphous  carbon  occurring  in  the  crystalline  schists  of 
Schunga  in  the  Olenetz  government,  Russia.  A  similar  form  of 
carbon  from  the  Saxon  Erzgebirge  was  called  graphitoid  by  Sauer. 
— Jahrb,  Min.^  1886,  i,  92. 

.3.  Materialien  zur  Mlneralogie  Rtcsslanda;  von  N.  vox  Koks- 
CUAROW.  Vol.  ix,  pp.  273-365.*  St.  Petersburg,  1886. — This  part 
forms  the  closing  portion  of  the  ninth  volume  of  the  great  work 
on  Russian  Mineralogy  by  von  Kokscharow.  It  contains  a  sup- 
plementary notice  of  the  interesting  variety  of  xanthophyllite 
called  waluewite,  giving  a  more  exact  determination  of  the 
crystalline  form  than  has  been  obtained  hitherto ;  also  an  ex- 
tended review  of  papers  on  the  topaz  of  Durango  by  N.  von 
Kokscharow,  Jr.,  and  by  DesCloizeaux,  with  an  exhaustive  list 
of  calculated  angles  for  the  many  new  forms.  A  description 
is  also  given  of  the  mineral  Mursinskite,  thus  far  known 
from  two  specimens  only  which  were  found  more  than  thirty 
years  ago.  It  occurs  in  minute  crystals  inclosed  in  large  trans- 
arciit  topaz  crystals  from  Alabaschka,  near  Mursinsk  in  the 
~ral.  The  form  is  that  of  a  tetragonal  pyramid  with  angles 
of  127'*  31'  (terminal)  and  77''  22^'  (basal);  two  pyramids  of 
the  second  series  and  several  zirconoids  were  also  observed. 
The  color  is  wine-  to  honey-yellow,  transparent  to  semi-transpar- 
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ent ;  the  hardness  is  six  to  seven  and  a  determination  of  the  spe- 
cific gravity  gave  4*149 ;  this  result  has,  however,  no  great  claim 
to  accaracy.  Nothing  is  known  aboat  the  chemical' composition, 
so  that  its  true  relations  must  remain  in  doubt  until  additional 
material  is  obtained.  The  rarity  of  the  species  will  be  appreci- 
ated from  the  fact  that  in  the  past  thirty-two  years  no  additional 
specimens  have  been  found,  though  often  searched  for. 

4.  On  the  relation  of  Schorlomite  to  Garnet, — Dr.  Konig  has 
recently  published  the  following  analysis  of  a  massive  titaniferous 
garnet  from  southwestern  Colorado : 

SiOt.      TiO,      AUO,       Fe,0,        CaO         MgO       CO9 
G.=3-689         30-71         8-11         2-20         22*67         34*29         0*30        l-48=99-82 

This  result  can  be  made  to  conform  to  the  garnet  formula  only 
by  assuming  that  part  of  the  titanium  replaces  the  alumina  as 
Ti,0,  (3*64  p.  c).  This  garnet  resembles  the  titaniferous  melan- 
ites  from  the  Kaiserstuhl  described  by  Knop  and  the  discussion 
has  led  Kdnig  to  the  same  conclusion  in  regard  to  schorlomite 
that  Knop  and  Rammelsberg  had  reached  on  the  basis  of  the 
Kaiserstuhl  garnets,  viz :  that  it  is  essentially  a  garnet  containing 
Ti,0,  as  well  as  TiO,.  An  analysis  of  the  Arkansas  schorlomite 
gave  K5nig: 

SiO,        TiO,      Ti,0,    A1,0,    Fe,0,      CaO       MgO     MnO 
G.=3-876      25-80     .12*46       4*44       1*00       2320       3140       1-22      0-46=99-98 

This  agrees  approximately  with  the  garnet  formula ;  the  general 
conclusion  seems  probably  correct. — Proc,  Acad,  Nat,  ScL  Philad,y 
355,  188C. 

III.   Botany. 

Botanical  Notes. — ^The  numbers  of  this  Journal  for  January, 
February,  and  March,  1886,  contain  an  extended  paper  by  Pro- 
fessor Penhallow  of  Montreal  on  "  Tendril  Movemeylts  in  Cucur^ 
hita  maxima  and  C,  Pepo,^'^  The  author  has  recently  sent  us  a 
copy  of  a  quarto  memoir,  separately  issued  from  the  Transactions 
of  the  Royal  Society  of  Canada,  vol.  iv,  sect,  iv,  read  May  27, 
1886,  on  Mechanism  of  movement  ifi  Cucurbita,  Vitie^  and  Mo- 
hinia  ;  also  from  the  Canadian  Record  of  Science,  of  Oct.,  1886, 
Additional  notes  npon  the  Te?idrils  of  Cucurbitacece,  On  looking 
over  these  two  articles,  the  larger  of  which  enters  somewhat  into 
the  history  of  the  subject  and  cites  a  good  many  publications,  we 
find  no  reference  whatever  to  his  own  papers  published,  at  the 
author's  particular  desire  in  this  Journal.  This  is  the  more  re- 
markable as  in  them  Professor  Penhallow  coins  a  new  term,  which 
he  continues  to  make  much  use  of;  and  an  author  generally  likes 
to  date  his  own  discoveries  as  near  to  their  inception  as  he  can. 

SWe   learn    that  the   omission   was   purely  accidental,  through 
orgetfulness.] 

A  Redwood  Reserve. — We  have  received  a  copy  of  '*  An  earnest 
appeal  to  the  enlightened  self-interest  of  California"  for  the  pres- 
ervation of  a  Redwood  park  in  the  Pescadero  district,  north  of 
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Santa  Cruz.     It  is  earnestly  hoped  that  the  appeal  which  Mr. 
Ralph  Sydney  Smith  very  eloquently  and  sensibly  makes  may  be 
successful.     If  nothing  is  done  to  preserve  for  posterity  a  speci- 
men of  Redwood  forest,  including,  if  possible,  some  of  the  large 
trees,  future  and  not  far  distant  generations  of  CalifomianB  will 
have  cause  to  revile  the  memory  of  their  forefathers.     Time  was    , 
when  we  had  hoped  for  a  government  reservation  of  such  forest, 
of  ten  miles  square,  in  the  northwestern  part  of  the  State,  and  itci 
would  have  cost  nothing.     But  the  plan  now  broached,  althougl^::^ 
it  will  cost  something,  has  the  great  advantage  of  fairly  securing^ 
this  object  and  at  the  same  time  giving  to  San  Francisco  an  aorr^-^^ 
valed  park  quite  within  the  reach  of  its  citizens.     Let  us  hope  th 
the  few  great  Redwoods  which  survive  above  Santa  Cruz  m 
form  an  annex  to  this  reservation.     Unless  something  of  this  ki 
is  speedily  done,  one  of  the  peculiar  glories  of  the  State  of  O 
fornia  will  in  the  next  century  be  only  a  tradition. 

Notes  of  a  Naturalist  in  South  America^  by  John  Ball,  F. , 

etc.,  is  a  duodecimo  volume  of  417  pages  (London,  Kegan,  Prnal 
&  Co.),  which  we  had  hoped  to  give  an  account  of.  Especially  one 
would  wish  to  discuss  the  two  appendices,  viz :  A.  On  the  &!]  of 
temperature  in  ascending  to  heignts  above  the  sea-level,  and  fi. 
Remarks  on  Mr.  CroU's  theory  of  secular  changes  of  the  earth's 
climate.  We  can  only  commend  them  to  the  consideration  €>i 
those  interested  in  terrestrial  physics  and  meteorology. 

Piltonia^  a  Series  of  Botanical  Papers^  by  Edward  L.  Greene, 
Assistant  Professor  of  Botany  in   the  University   of  California* 
Vol.  i,  part  1.     Berkeley,  California,  March,  1887. — An  octavo  oi 
48  pages.     No  preface  or  announcement  is  given.     We  may  infer 
that  Pittonia  is  in  reference  to  the  family  name  of  Tournefort,  and 
that  the  publication  may  have  for  its  model  the  Adansonia  of 
Baillon ;  but  the  ideas  of  genera  and  species  are  on  quite  another 
model.     Perhaps  tiie  plan  maybe  that  of  the  Linnsea;  for,  as  in 
that  occasional  rather  than  serial  publication,  a  portion  of  the  pages 
is  cjiven  to  reviews  of  recent  botanical  literature.     Good  botanist* 
have  followed  Decaisne  in  referring  the  Big-roots  to  EchinocystU ; 
but  we  suppose  that  the  validity  of  the  genus  Megarrhim  may 
still  be  seriously  defended.     The  various  new  species  of  Trifolium^ 
Zaiischiierld,  etc.,  and  the  recast  of  Kryjiitzkya^  Plagiobothryi^ 
etc.,  into  new  forms  may  be  safely  left  to  the  final  judgment  of 
competent  botanists.     Professor  Greene's  judgment  and  oars  are 
widely  divergent. 

Dr.  August  Galtinger  has  issued,  in  a  thick  and  neatly  printed 
pamphlet  of  109  pages,  8vo,  Tlie  Tennessee  I^lora,  toith  special 
reference  to  the  Flora  of  Nashville  ;  Phmnogams  and  Vascular 
Cryptogams^  18G7. — The  preface,  full  of  pleasant  personal  details 
and  grateful  acknowledgments,  is  followed  by  a  very  interesting 
sketch  of  the  general  asj)ect  of  the  flora  of  Tennessee  and  of  its 
four  natural  floral  arrondisements,  which  are  graphically  de- 
scribed, geographically,  geologically  and  phytologically.  We 
should  be  glad  to  quote  the  whole  of  it.     Separate  lists  are  given 
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of  the  ^  Plants  of  the  glades  and  blaffs,  of  calcareous  soils;"  of  the 
^  Oak  barrens  and  highlands,  siliceous  and  argillaceous  soils ;''  and 
of  **  Plants  peculiar  to  West  Tennessee,"  the  eastern  part  of  Cre- 
taceous, the  western  of  Tertiary  and  Post-tertiary  deposits.  Then 
(^mes  the  systematic  catalogue,  in  which  the  species  occurring 
^thin  thirty  miles  of  Nashville  are  printed  in  full  faced  type. 
J'ecently  published  species  are  given  with  characters  in  foot-notes. 

bulletin  de  la  Society  Botanique  de  France, — In  the  33d  volume 
M.  Franchet  begins  his  PlarUce  Yunnanses^  an  account  of  the 
^Hections  from  the  interior  Chinese  province  of  Yun-nan.  Begin- 
^^i^g  in  the  fifth  fascicle,  it  is  carried  on  in  the  sixth  through  the 
-^^acardiacecB.  M.  Clos,  having  proposed  the  term  pistillodium 
^  the  analogue  of  ataminodiumy  M.  Cogniauz,  on  p.  470,  calls 
^^f^tition  to  his  use  of  it  in  the  Flora  Brasiliensis,  in  1878,  and 
'pnJcs  the  term  as  needful  as  staminodium.  That  is  not  quite 
'^ar  ;  the  latter  term  is  free  from  ambiguity.  Pistilodium  may 
'®  the  homologue  either  of  a  carpel  or  of  a  circle  of  carpels. 
?•  tt^rail  and  Blotti^re  have  a  paper  on  the  histology  of  the 
'^^<iizabalea!.  They  come  to  the  conclusion  that  De  Candolle 
*^  probably  right  in  appending  this  group  to  the  Meniaperma- 
*^  that,  in  any  case,  thcJy  are  not  Berberidacece. 
-^XOPESSOR  A.  W.  EicHLBK,  Director  of  the  Botanical  Garden 

Berlin  (where  he  succeeded  Alexander  Braun),  editor  of  the 
^^^a  Brasiliensis,  a  systematic  botanist  of  the  first  class  and  a 
^"^  most  highly  esteemed,  died  on  the  second  of  March,  after  a 
'leering  illness.  He  was  one  of  the  foreign  honorary  members 
^^he  botanical  section  of  the  American  Academy  oi  Arts  and 
•^^nces. 

-^t  Bornet  delivered  before  the  Academy  of  Sciences  of  the 
^^litute  of  France,  at  the  close  of  last  year,  a  most  appreciative 
^t,ice  of  the  late  L,  R,  Tulasne,  whose  chair  in  the  Academy  he 
^t8.  It  has  now  been  published,  and  to  it  is  appended  a  full  list 
^"f  Tulasnc's  publications. 

Botanical  Contributions,  1887  (a  revision  of  some  Polypeta- 
"-ous  Genera  and  Orders,  Sertura  Chihuahuaense,  Appendix,  Mis- 
^llanea),  by  Asa  Gray,  are  here  mentioned  only  to  state  that  a 
portion  of  the  manuscript,  accidentally  omitted  on  p/  273,  is  sup- 
plied at  the  end,  p.  314.  Another  grave  oversight  was  not  dis- 
covered in  time.  The  paragraph  in  the  middle  of  the  page  29©, 
beginning  *'  A,  acerifolia "  was  to  have  been  erased  from  the 
printer's  copy,  being  in  fact  replaced  by  the  paragraph  next 
below,  beginning  "  A.  Thurberi?''  The  lines  printed  by  mistake 
have  been  cancelled  by  the  pen  in  all  or  most  of  the  distributed 
copies.  ,  A.  G. 

2.  Outlines  of  Classification  and  Special  Morphology  of 
Plants,  by  Dr.  K.  Gcebel,  Professor  in  the  University  of  Ros- 
tock ;  a  new  edition  of  Sacks'*  Text-Book  of  Botany,  Book  11, 
Authorized  English  translation,  by  Henry  E.  F.  Garnsby, 
Fellow  of  Magdalen  College,  Oxford.  Revised  by  Isaac  Baylky 
Balfour,  M.A.,  M.D.,  F.R.S.,  Fellow  of  Magdalen  College  and 
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Sherardian  Professor  of  Botany  in  the  University  of  Oxford. — 
This  work,  published  by  the  Clarendon  Press,  Oxford,  in  a  large- 
paged  octavo  volume  of  515  pages,  is  a  great  improvement  apoo 
the  original  of  Sachs,  not  to  speak  of  the  advantage  of  having^ an 
independent  volume  apart  from  physiology  and  histology.  Evi- 
dently the  translator  and  reviser  have  done  their  part  well 
Perhaps  it  is  too  late  to  arrest  such  a  misbegotten  word  as 
asexual  meaning  non-sexual ;  but  Oxford  University  and  the 
Clarendon  Press  might  have  lent  a  helping  hand.  The  aathor 
himself,  as  appears  from  his  introduction,  was  of  doubtful  mind  as 
to  the  character,  number  and  names  of  his  primary  group  in  the 
Vegetable  Kingdom  ;  so  that  his  English  representatives  could 
not  expect  to  help  him.  But  he  comes  out  essentially  in  a 
good  old  way  with  Thallophytes,  Bryophytes,  Pteriophytes  or 
Vascular  Cryptogams  and  Seed  Plants  (Spermaphytes).  This, 
developed,  recognizes  a  primary  division  into  Phanerogams  or 
Flowering  and  Cryptogams  or  Flowerless  Plants ;  as  to  names, 
Flowering  Plants  is  quite  as  good  as  Seed  Plants,  and  long  in 
use,  and  Spermaphytes  is  not  such  a  name  as  the  classical  End- 
licher  would  have  made. 

Coming  to  the  classification  of  the  Phanerogams,  they  are 
distributed,  first  into  those  without  an  ovary,  GymnospermcB^ 
the  third  group  of  which,  Gnetacece  is  said  to  have  "flowers 
in  many  respects  like  those  of  Angiosperms,"  which  is  true 
and  pertinent ;  second.  Phanerogams  with  ovaries,  AngiospermcBy 
A.  Mojiocotyledons,  B.  Dicotyledons.  Thus  the  Gymnosperms 
are  taken  to  be  what  they  are,  whatever  they  may  have  come 
from,  part  and  parcel  of  Phanerogamous  plants;  and,  if  the 
G?ietacecB  be  of  them,  strictly  connected  with  the  Dicotyledons. 

Finally,  names  and  terms  have  some  rights  which  ought  to  be 
respected.  So  we  may  protest  against  the  present  but  probably 
fleeting  fancy  of  imposing  ciyptogamous  terminology  upon 
phanerogamous  botany,  the  new  and  ill-defined  upon  the  old  and 
well-settled.  If  all  homologues  must  need^  have  the  same  name, 
why  not  call  microspores  "pollen,"  rather  than  pollen  grains 
"spores?"  This  translation  reads  remarkably  well;  for  the  Ger- 
man has  really  been  turned  into  English.  It  is  not  the  transla- 
tor's fault  that  we  read  that  in  the  Cycads,  "the  branching  of 
the  primary  root  is  raonopodial,"  which  is  one  way  of  saying 
that  the  branching  is  no  branching  at  all.  A  plain  writer  would 
simply  say  such  roots  do  not  branch.  a.  g. 


III.  Astronomy. 

1.  The  Astrojiomicid  Jotirnal. — Eleven  numbers  of  Dr.  Gould's 
Journal  have  appeared  since  its  resumption  last  autumn.  It^main- 
tains  the  high  character  of  the  earlier  volumes. 

2.  Comets  in  1886. — In  the  tenth  number  of  the  Astr.  Jour.^ 
is  given  the  following  table : 
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3.  Comets  in  1887. — ^The  following  are  the  comets  discovered 
ixME  far  in  the  present  year : 

Comet  1887a.  diBcovered  Januanr  13th  bj  Thome. 
13876,  ''         January  23d  bj  Brooks. 

1887c  ^         January  23d  bj  Barnard. 

1887dl  February  16th  by  Barnard. 

11.    A.    N. 

4.  In  the  same  number  of  the  Asir,  Jour.y  Professor  Hall  gives 
^e  result  of  his  measurements  of  63  small  stars  in  the  Pleiades. 
*be  probability  that  the  stars  of  such  a  group  have  a  common 
iV)per- motion,  and  that  the  small  stars  are  connected  physically 
''Uh  the  larger  ones,  together  with  the  importance  of  being  able 
^  some  future  time  to  test  the  motion  of  the  brighter"^  stars 
-Native  to  the  neighboring  faint  ones,  led  Professor  Hall  to 
^dertake  this  series  of  observations.  The  triangulation  of  the 
^ght  stars  of  the  Pleiades  by  Dr.  Elkin,  recently  finisheil,  made 
^^  present  a  favorable  time  for  such  measurements. 

The  improvement  of  the  photographic  processes  is  such,  how- 
^^r,  as  to  make  it  seem  best  for  the  present  to  discontinue  these 
^asurements  and  to  wait  to  see  what  the  photographic  methods 
ill  furnish.  h.  a.  n. 

o.  Henry  Draper  Memorial, — Professor  Pickkring  has  issued 
is  first  annual  report  of  the  photographic  study  of  stellar  spectra 
lade  at  the  Harvard  College  Observatory  under  the  very  liberal 
revision  of  Mrs.  Draper  as^a  memorial  to  her  husband.  The 
arious  investigations  begun  or  devised  are :  1.  A  catalogue  of 
>ectra  of  bright  stars ;    2.  Catalogue  of  spectra  of  faint  stars ; 

Detailed  study  of  the  spectra  of  bright  stars ;  4.  Faint  stellar 
>ectra;  5.  Absorption  spectra;  6.  Wavelengths.  The  progress 
[ready  made  in  spectral  photography  is  vividly  illustrated  by 
le  plate  which  accompanies  the  Report.  ii.  a.  n. 

6.  U,  S,  Coast  and  Geodetic  Survey^  for  the  year  ending/  with 
unej  1885.  Washington,  1886. — This  report  contains,  among 
le  results  of  work  accomplished,  papers  by  C.  A.  ScnoTT  on  the 
lagnetic  dip  and  intensity  with  their  secular  variation  and  gco- 
:raphical  distribution  in  the  United  States,  with  three  maps  and 
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three  plates;  Geobge  Davidson,  collection  of  some  magnetic 
variations  off  the  coast  of  California  and  Mexico,  observed  by 
Spanish  Navigators  in  the  last  quarter  of  the  18th  century  ;  Wm. 
Febrbl,  on  the  harmonic  analysis  of  the  tides  at  Grovemor's 
Island,  New  York  Harbor ;  Lieut.  J.  E.  Pillsbuby,  U.  S.  N.,  on 
deep-sea  current  work  in  the  Gulf  Stream ;  C.  S.  Pbibcb,  on  the 
influence  of  a  noddy  on  the  period  of  a  pendulum,  and  on  the 
eflFect  of  unequal  temperature  upon  a  reversible  pendulum. 

Magnetic  dip  in  North  America. — Mr.  Schott,  in  Part  II  of  his 
paper,  mentions  Prof.  Loorais's  deduction  as  to  the  diminution  of 
magnetic  dip  based  on  observations  from  1819  to  1839,  making  it 
1-6'  per  year;  and  again,  "comparing  the  dips  in  N.  York  by  Sir 
E.  Sabine  and  Sir  J.  Franklin  (1822  to  1825)  with  his  own  and 
others  about  the  epoch  1835,  deducing  the  rate  of  2*1'  per  year, 
and  thence,  including  also  the  earlier  observations,  a  rate  of  1*8' 
as  the  annual  diminution  of  dip  in  the  Eastern  United  States. 
Mr.  Schott  then  observes  that  in  1856  he  showed  that  in  the 
northeastern  part  of  the  country  the  dip  continued  to  decrease 
till  about  the  year  1843,  when  it  became  stationary,  1842'7i0-7, 
being  deduced  as  the  period  of  the  minimum ;  that  from  that 
date  to  1856,  the  increase  had  been  2-7'.  But  unexpectedly  the 
increasing  of  the  dip  stopped  about  1859  in  the  Eastern  United 
States,  and  that  since  about  1860,  a  decrease  has  been  in  progress 
"  thus  suggesting  the  idea  of  a  secondary  motion  or  wave  of  com- 
paratively short  duration,  and  of  a  character  opposite  to  the 
general  motion  in  the  variation  of  the  dip  as  it  existed  before  and 
after  this  temporary  interruption."  The  time  was  the  same  at 
Toronto  and  Washington,  but  much  later  on  the  Pacific  in  South- 
ern California.  After  a  further  discussion  of  the  subject,  Mr. 
Schott  gives  as  the  annual  decrease  in  seconds  for  Cambridge  and 
Boston,  7*5  ;  New  llsiven,  5*6;  Albany  and  Greenwich,  6*6;  New 
York,  5*4;  Philadelphia,  55;  Baltimore,  4*8 ;  Washington,  35; 
Toronto,  2-5;  Cleveland,  3*6;  Detroit  28;  Saint  Louis,  5  0,  "which 
values,  in  the  absence  of  any  additional  observations,  may  be  used 
for  a  few  years  to  come." 

At  liio  de  Janeiro  there  has  been  a  steady  increase  of  north 
dip  between  La  Caille's  observation  in  1751  (dip  =  —  20®  O')  and 
Harkness's  observation  in  18G6  (  —  11°  47').  The  same  is  noted 
in  Valparaiso,  between  the  observations  of  Malaspina  in  1793 
(dip=:— 44""  58'),  and  Harkness's  observation  in  1866  (  —  35°  23'). 
In  contrast  with  this,  at  Havana  the  present  annual  change  is 
probably  less  than  -fO-8':  at  Acapulco  about  +1*0';  at  Mexico 
and  San  Bias,  perhaps, -f  1*5'  to  +2*0'.  ''At  Magdalena  Bay, 
Lower  California,  the  annual  change  seems  to  have  become  zero 
at  present." 

In  British  N.  America,  North  of  Dakota  over  the  Lake  Winni- 
peg region  to  Hudson's  Bay,  it  is  not  now  very  different  from 
what  it  was  forty  years  ago ;  farther  west  at  Fort  Chipewyan, 
Fort  Edmonton,  it  may  he  about  —0*5';  at  Nootka  Sound,  Van- 
couver Island,  about  —0*7';  at  Port  Simpson,  —1*5';  in  Alaska, 
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decreasing  since  (aboat)  1852,  with  an  annaal  rate  between  — 2'f' 
at  Sitka,  — 1'5'  at  Unalashkay  1*0'  at  Port  Clarence  near  Bering 
Strait,  and  1-2'  at  Point  Barrow.  Crossing  to  Asia,  the  dips  indi- 
cate a  maximnm  about  1854,  which  appears  to  be  supported  by 
the  dips  at  Port  Clarence,  and  has  been  conjectured  for  IJnalashka. 

The  position  of  the  pole  of  the  vertical  dip  was  deduced  by 
Ross,  as  follows:  in  June,  1831  in  <p  70**  05*3',  A  =  — 96''  46-8'.  Mr. 
Schott  observes,  *'  It  seems  perhaps  more  reasonable  to  suppose  its 
range  of  displacement  to  be  quite  limited  than  to  assign  to  it,  as 
has  been  done,  a  path  surrounding  the  geographical  pole,  and  to 
be  described  in  several  centuries."  "  Observations  on  H.  M.  S. 
Brazen  in  1813  point  to  approaching  vert.icality  in  ^=69"'  and  A 
=  —  92*;"  and  "  Lieut.  Schwatka  supposes  the  pole  in  1 879  to  have 
shifted  to  A  =—99®  35',  while  he  leaves  any  change  in  its  latitude 
undecided.'^  Mr.  Schott  adds,  ^'  If  the  secular  diminution  extends 
to  this  northern  region,  the  pole  would  now  be  found  in  a  higher 
latitude  than  that  given  by  Ross,  but  of  this  wc  are  not  certain. 
It  is  to  be  regretted  that  no  steps  were  taken  toward  its  solution 
in  connection  with  the  late  international  circum polar  explora- 
tions." 

The  first  125  pages  of  Mr.  Schott^s  able  paper  are  occupied 
with  a  tabulation  and  discussion  of  observations ;  and  Part  tnird 
treats  of  the  secular  variations  of  the  horizontal  component  of  the 
magnetic  force  and  of  the  total  intensity  in  the  United  States,  and 
contains  a  table  of  the  annual  value  of  observed  magnetic  hori- 
zontal force  at  prominent  stations. 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  Die  Hbchseen  derOstaJpen, — Dr.  August  Boiim  has  given  in 
a  recent  publication  of  the  Vienna  Geographical  Society  an  inter- 
esting discussion  of  the  distribution  of  lakes  on  the  earth's  surface. 
Alluding  to  the  recognized  fact  that  lakes  occur  for  llic  most  part 
in  groups  and  as  connected  with  glacial  phenomena,  he  goes  on 
to  show  that  there  is  a  connection  between  tlieir  situation  and 
their  altitude.  In  other  words,  it  may  be  shown  that  the  height 
of  the  mountain  lakes  above  tlie  sea,  in  general,  increases  as  we 
go  from  the  pole  toward  the  equator,  somewhat  as  the  snow 
level  rises.  Ihe  Alpine  lakes,  which  give  the  data  for  this  dis- 
cussion, are  divided  into  two  groups,  the  valley  and  mountain 
lakes.  The  former  are  in  general  large  and  occupy  the  valley 
bottoms,  forming  a  horizontal  zone  among  themselves  ;  they  lie 
on  the  circumference  of  the  former  glacial  region,  where  the  ice 
streams  at  the  time  of  maximum  glaciation  could  exert  their 
greatest  force.  The  latter  are  generally  small  and  are  situated 
high  up  in  the  heart  of  the  mountain  region,  but  they  also  occur 
in  greatest  abundance  at  a  definite  altitude  in  each  mountain 
chain,  marking  the  last  phase  of  the  retreat  of  the  shrinking 
glaciers.  These  mountain  lakes  are  regarded  as  having  but  an 
ephemeral  nature ;   the  filling  of  the  lake  with  detritus  and  the 
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Art.   XLIV. — History  of  the  Changes  in  the  Mt.  Loa  Craters^ 
on  Hawaii;  by  James  D.  Dana.     With  Plate  XII. 

The  instructive  papers  of  Messrs.  Emerson,  Van  Slyke  and 
Dodge  (p.  87)  are  a  good  beginning  for  a  f  atiire  history  of  the  Ha- 
waiian volcanoes.  The  earlier  history,  for  sixty- five  years  back, 
has  a  source  of  material  in  three  scientific  reports :  that  of  Cap- 
tain C.  E.  Dutton  (1883)  *  the  memoir  of  Mr.  Wm.  T.  Brigham, 
who  visited  the  region  in  18G4  and  1865,t  ^"^  ^^^®  report  of  the 
writer,^  aftec  an  examination  in  1840,  each  of  which  may  be 
assumed  to  give  the  facts  as  they  were  observed,  whatever  the 
value  of  the  explanations  offered.  In  connection  with  these 
should  be  mentioned  the  descriptions  and  illustrations  in  the 
Narrative  of  the  Exploring  Expedition  by  Captain  Wilkes.§ 
There  are  also  accounts  from  various  other  sources  which, 
although   in   many  cases   overdrawn,  contain   information   of 

*  In  the  Fourth  Annual  Rejwrt  of  the  DirtH.'tor  of  the  U.  S.  Geol.  Survey,  1882- 
*83,  140  pp.  roy.  Svo,  with  maps  and  plates  of  Kilauea,  tlie  Mt.  Loa  crater,  etc. 

f  Notes  on  Uie  volcanoes  of  tlie  Hawaiian  Itilands,  with  a  history  of  their  vari- 
ous eruptjons,  by  Wm.  T.  Brigham,  A.M.,  Mem.  Boston  Soc.  Nat  Hist.,  vol.  i. 
Part  ii.  126  pp.  4to,  with  four  phiies  (including  a  new  map  of  Kilauea)  and  several 
woodcats.  1868.  Mr.  iBriprham's  map  is  reproduced  in  Captain  Dutton's  Report, 
but  without  explanation  or  remark. 

!:  Report  Geol.  Wilkes  Expl.  Kxped.,  75G  pp.,  4to.  with  folio  atlas,  1849. 
5  Narrative  of  the  Kxpl.  Kxj)ed.,  by  Charles  Wilkes,  U.  S.  N.,  Commander  of 
the  Expedition,  1838-1 84J.  6  vols.  roy.  8vo,  with  an  atlas.  1845.  The  account 
of  the  volcanoes  of  Hawaii  is  in  vol.  iv.  Captain  Wilkes  required  his  officers  to 
keep  journals,  and  used  them  as  a  source  for  part  of  the  material  for  his  Narra- 
tife. 
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maoh  importance.  In  my  Geological  Report  I  endeavored  to 
bring  the  history  in  a  brief  way  down  to  1849,  the  time  of  its 
pobhoation.  Mr.  Brigham  reviewed  the  same  to  the  date  of 
ois  last  examination  in  1865. 

Oaptain  Dutton  fives  his  own  observations  in  1882,  and  his 
OonolQAions,  with  a  few  citations  from  other  accounts ;  but  the 
oondition  of  the  crater  at  the  time  of  the  visit  was  not  favor- 
able for  an  appreciation  of  the  phases  of  the  volcano  or  for  an 
understanding  of  all  its  phenomena;  and  he  is  led  to  doubt 
much  that  was  well  reported  before  him,  very  much  more  than 
appears,  in  the  light  of  the  facts  presented  beyond,  to  be  rea- 
sonable. 

The  conclusions  he  gathers  from  the  accounts,  as  stated  on 
pp.  117,  118  of  his  Report,  are  the  following: 

^*At  the  present  time  {1882  j  the  liquid  lava  columns  stand  about 
4*S5  fiH>t  higher  than  they  did  forty  years  ago.  No  record  hms 
over  been  kept  of  the  progressive  action  by  which  these  changes 
have  biH'n  brought  al>out.  Nothing  remains  to  show  the  sacces- 
Aivo  stops  in  the  aocrotion  of  lavas  which  gradually  filled  up  the 
interior  pit.  The  only  cruides  we  have  are  the  fragmeDtary 
accounts  of  numberless  visitors  describing  the  condition  of  £- 
lauea  fn>in  time  to  time.  These  are  all  so  incoherent,  and  so 
gr\^ssly  wanting  in  precision,  that  it  is  impossihle  to  frame  a  con- 
mH.'^tevi  account  of  the  prv>cess. 

**  There  are,  however,  a  few  general  features  of  the  process 
which  ap|H*ar,  and  thesi*  may  W  briefly  summarized.  All  acvoonts 
^o  to  show  that  the  hoiirht  of  the  liquid  column  oscillates  in  az: 
irri\irular  mnnuor :  and  while  most  of  these  oscillations  are  sitaH 
usuaUy  not  exoxvding  ten  to  tiftecn  feet,  yet  in  excepliooal  o:k^>e< 
they  an*  very  much  greater.  Whenever  the  liqnid  column  rise* 
there  is  a  toiuleixoy  to  overflow  the  margin  of  the  ^vool  which  >.xr- 
rouuvls  it,  and  this  fre\|uently  hapjvns.  The  quantities  %>f  "at-^ 
thus  vnitrtowinvr  aiul  spreading  ou:  over  a  considerable  area,  v-ijrr 
e\tr\meU\  Ivit^^  suflioient  sometimes  to  cover  no  more  iLan  i  f-rw 
acrxs  :o  the  thioknessfi  c*f  a  very  tew  feet,  while  on  rare  ■.xxaaicus 
a  Sv^uare  mi*e  or  two  may  Iv  overflow,?xl  with  a  considerat«e  Iroi-r. 
The  durAtivMi  of  these  overfiv^ws  is  also  extremely  varlaKe^  S:aii- 
truu's  ::  is  a  siuc^c  beloh  or  s;;r^''  !as:ir.g  but  a  tew  siLiitea.      I- 

avA  iv-  's-^re  outdows  ::  r.:ay  ruv.  for  two  or  three  weeks  wrmot:: 
:r.:cr:urvo:\  >vV'rtr  cr  »a:<r  :r.e  iiquid  c^^iami:  sinis  ixii  -ue 
ovtrt'.v^vv  v-easiiSs  TV.t'  cr,:y::ors  are  ::o:  by  any  cir:i::s  cvaiie*!  r-: 
tVe  \4kts^  Vu:  break  cu:  a:  uixxt^ijcied  places^  Ore  of  lati  ti«>s: 
lav. -W,  s-.x^:s  :\-  :b:s  a.*:::-  is  :b^  rVrni-er  fvvis  of  tie  «>*.i  >c»ieii 
1  Vi...  w  :"  Vr  s<v.ri;  vcirs  bas  b^ez  vVmiU'c^T  fr:i*;a  •-•ir 
X-:<  <>:  :m  Iji^A  -rxirabv  takes  :be  f.m  ::  rab.^ec^.'e.'" 
••  •  -  ■   .      .^         .     — ... 

a.  «.    .  >    ak,.>  » -v ^.*^e    ,. «    •^^    >«cs... .^ \4^^ --i   ..  •    Car^«ri        i^s^j"! 
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have  enabled  him  to  present,  contains  little,  it  is  true,  that  is 
important  to  the  science  of  volcanoes.  After  a  careful  sifting 
of  all  the  earlier  accounts  with  reference  to  statements  bearing 
on  the  progressive  changes  in  the  craters  of  Kilauea  and  Mfc. 
Loa,  I  have  found  that  very  much  more  is  taught.  What,  and 
of  what  significance,  the  following  pages  aim  to  show. 

I.  KILAUEA. 

Besides  the  publications  already  mentioned,  the  following, 
relating  to  Kilauea  prior  to  1841,  are  cited  from  beyond,  and 
referred  to  by  means  of  the  Roman  numerals  here  prefixed.  I 
add  some  descriptive  and  critical  notes  that  the  facts  reported 
may  be  received  with  proper  discrimination. 

I.  a.  Joarnal  of  a  Tour  around  Hawaii  [in  August,  1823]  by  a 
Deputation  from  the  Mission  of  the  Sandwich  Islands.  264  pp.  8vo, 
with  six  plates.  Boston,  1825  (Crocker  &  Brewster).  "Drawn 
xxp  by  the  Rev.  Wm.  Ellis,"  of  England,  one  of  the  party,  **  from 
minutes  kept  by  himself  and  by  his  associates  on  the  tour,  who 
subsequently  gave  it  their  approbation."  Contains,  facing  p.  136, 
a  night-view  of  '^  the  south  end  of  Kilauea,"  from  a  sketch  taken 
by  Mr.  Ellis,  looking  southwestward,*  engraved  by  S.  S.  Jocelyn, 
of  New  Haven,  Ct.  See  also  Missionary  Herald,  xxii,  25,  1826. 
b.  London  edition,  ''with  large  additions,"  1826,  under  the  title, 
"Narrative  of  a  Tour  through  Hawaii;"  3d  edit.,  March,  1827, 
480  pp.  8vo.  Contains,  facing  p.  226,  a  day- view  of  the  "  south- 
west end"  of  Kilauea,  engraved,  irom  the  same  sketch,  in  England ; 
but  a  large  cone  stands  where  was  the  foot  of  a  lava-stream 
descending  the  west  wall ;  two  cones  are  omitted ;  the  active 
cones  ffive  out  steam  quietly.     See  p.  438. 

IL  Polynesian  Researches,  by  Rev.  Wm.  Ellis,  2d  edition,  4  vols. 
12mo,  London,  1831.  The  firat  edition,  2  vols.  8vo,  published 
in  1829,  contains  nothing  about  Hawaii.  In  preparing  for  a 
second  edition,  the  Narrative  (I  b)  was  added  (as  the  fourth  vol.); 
and,  for  a  f uontispiece  to  this  volume,  a  new  engraving  of  Kilauea 
(from  a  painting — a  night-view)  was  introduced,  having  the  sub- 
script, "The  volcano  of  Kilauea  in  Hawaii.  Sketched  by  W. 
Ellis.  Painted  by  E.  Howard,  Jr.  .  .  .  London,  1831."  A  copy 
of  this  plate,  with  the  subscript,  "  Blowing  Cones.  Reproduced 
from  Ellis'  Polynesian  Research,  1823,"  is  contained  in  the  Report 
of  Captain  Dutton.  An  outline  copy  is  introduced  beyond,  on 
p.  441.     The  plate  differs  widely  from  those  of  1825  and  1826; 

*  Leaving  the  north  end  of  the  crater,  says  the  "  Journal,"  p.  145  (and  *'  Narra- 
tive," p.  247)  "  we  passed  along  to  the  east  side,  where  Mr.  Ellis  took  a  sketch  of 
the  Bouthwest  end  of  the  crater."  And  then,  in  the  next  sentence,  *'  As  we  trav- 
eUed  from  ibis  spot  we  unexpectedly  came  to  another  crater  "  nearly  half  as  laree 
as  the  former.  The  native  name  of  it  is  Kirauea-iti  f  Kilauea-Iki,  as  now  writtenj ; 
"it  is  separated  from  the  large  crater  by  an  isthmus  nearly  100  yards  wide." 
The  position  from  which  the  view  was  taken  was  hence  north  of  Byron's  hut 
(p.  440)f  either  on  the  isthmus  referred  to  or  farther  north  on  the  bluff  adjacent 


436     J,  D.  Dana — Iliatory  of  the  Changes  in  KUauea, 

and  since  the  text  (Polyn.  Res.,  vol.  iv,  p.  266)  gives  the  same 
statemeDt  as  the  Narrative  as  to  where  the  sketch  was  taken,  the 
artist's  fancy  is  evidently  the  chief  source  of  the  differences.  The 
oones  are  lewer,  but  they  are  as  active ;  and  one,  placed  out  in 
the  front,  is  a  grand  high  -shooter,  far  outdoing  any  of  those  on 
the  other  plates.  Further,  the  features  of  the'  black  ledge  and 
the  wall  above  are  changed  on  both  sides  of  the  pit,  and  the  Great 
South  Lake  is  put  in  a  southeast  recess  instead  of  to  the  south- 
west. Mr.  Ellis  was  a  second  time  at  Kilauea,  but  this  was  be- 
fore 1826.  He  then  found  the  crater  much  more  quiet,  and  "  the 
fires  in  the  south  and  west  burning  but  feebly." 

III.  Journal  of  a  voyage  to  the  f*acific  Ocean  and  residence  at 
the  Sandwich  Islands,  1822-1825  ;  by  Rev.  C.  S.  Stewart.  8vo. 
New  York,  1828.  Contains  an  account  of  a  visit  to  Kilauea, 
made  on  July  2,  1825.     Am.  J.  Sci.,  xi,  363,  1826. 

IV.  Visit  to  the  South  Seas,  by  C.  S.  Stewart.  2  vols,  12mo. 
New  York,  1831.  In  vol.  ii,  an  account  of  Kilauea  after  a  visit 
Oct.  9, 1829,  not  overdrawn  like  that  in  the  preceding  work.  Am. 
J.  Sci.,  XX,  229,  1831. 

V.  Vovasje  of  H.  M.  S.  Blonde  to  the  Sandwich  Islands  in  the 
years  1824,  1825,  by  Right  Hon.  Lord  Byron,  Commander.  260 
pp.  4to,  with  plates.  London,  1826.  Contains  an  account  of  a 
visit  to  Kilauea  on  June  28,  29  (29,  30,  American  time),  illus- 
trated by  a  folded  plate  presenting  a  view  of  the  volcano,  by 
R.  Dampier,  in  which  the  many  cones  give  out  vapors  quietly, 
and  a  map  of  the  crater  by  Lieut.  Malden,  R.  N.  (see  p.  441 
beyond). 

VI.  Letters  of  Rev.  Joseph  Gooduicii  :    a,  Am.  J.  Sci.,  xi,  2, 

1826,  letter  of  Aj)ril  20,  1825  ;  b,  ibid.,  xvi,  345,  1829,  letter  of 
Oct.  25,  1828  ;  e,  ibiil.,  xvi,  340,  letter  of  June  12,  1S28  ;  d,  ibid., 
XXV,  199,  1834,  letter  of  Nov.  17,  1832. 

VII.  Letter  of  Rev.  A.  Bisnop,  Missionary   Herald,  xxiii,  53, 

1827,  after  a  visit  to  Kilaufti,  Jan.  3,  1826. 

VIII.  Note  of  Kev.  L.  Chamheulain,  after  a  visit  to  Kilauea 
with  J.  Goodrich,  Dec,  1824,  Missionary  Herald,  xxii,  42,  1820; 
also  in  Ellis's  Pol.  Res.,  iv.  253,  and  Phil.  Mag.,  Sept.,  1820. 

IX.  rt.  Memoir  of  David  Douglas,  by  Dr.  W.  J.  Hooker,  witli 
portrait,  letters  and  Journal,  Companion  of  the  Bot.  Mag.,  ii,  7  9— 
182,  1830  ;  the  part  on  Hawaii,  pp.  158-177.  The  visit  to  Kilauea 
was  on  Jan.  23-25,  1834,  and  to  top  of  Mauna  Loa,  on  Jan.  29  ;  th« 
account  of  the  latter  in  his  Journal,  p.  175,  and  that  in  a  letter 
to  Dr.  Hooker,  p.  158. — h.  Letter  to  Capt.  Sabine,  dated  Oahu, 
iNIay  3,  1834,  partly  from  his  Journal,  but  with  additional  mate- 
rial on  his  barometric,  hygrometric,  thermometric  and  hypso- 
metric observations,  Journal  Royal  Geogr.  Soc,  iv,  333-334,  1834. 
— c.  Extracts  from  the  Journal  of  Mr.  Douglas,  Mag.  Zool.  and 
Bot.,  i,  582,  1837,  and  including  the  letter  to  Dr.  Hooker  which 
describes  Mt.  Loa. 

Mr.  Douglas  spent  a  dozen  years  in  travels  over  N.  America 
(Oregon,  California,  Hudson's  Bay  region,  etc.)  as  an  exploring 
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naturalist,  and  twice  visited  the  Sandwich  Islands,  making  collec- 
tions and  observations  in  botany,  zoology,  etc.,  part  of  the  time 
under  the  auspices  of  the  Horticultural  Society  of  London.  His 
instruments  inckided  a  barometer,  chronometei*s,  a  reflecting 
circle,  large  dipping  needle,  etc.  While  on  an  excursion  over 
Hawaii  in  July,  1834  (then  36  years  old),  he  fell  into  a  pit  made 
to  entrap  wild  cattle  and  was  gored  to  death. 

X.  Account,  by  K  G.  Kelley,  of  observations  made  at  Kilauea 
by  Captains  Chase  and  Parker,  on  the  8th  of  May,  1838,  and 
published,  after  submission  to  Capts.  C.  and  P.,  in  this  Journal, 
xl,  117,  1841,  with  a  map  of  the  crater  (see  p.  448). 

XL  Notes  of  Count  Strzlecki,  after  a  vi«*it  to  Kilauea  in  1838, 
in  his  *'  New  South  Wales  and  Van  Oiemens  Land,"  3vo,  London, 
1845,  and  cited  in  quotation  marks  from,  he  says,  his  "manu- 
script notes."  Also  a  note  in  the  Hawaiian  Spectator,  i,  436,  but 
the  facts  differently  stated — see  note,  p.  449. 

XII.  Account,  by  Captain  John  Shepherd,  U.  N.,  after  a  visit, 
Sept.  16,  1839,  contained  in  the  London  Athenaeum  of  Nov.  14, 
1840,  p.  909. 

XIIL  Account,  by  Rev.  Titus  Co  an,  dated  September,  1840, 
Missionary  Herald,  xxxvii,  283. 

XIV.  Rev.  H.  Bingham's  Residence  of  thirty-one  years  In  the 
Sandwich  Islands,  1847. 

1.  Kilauea  fkom  Jan.  1823  to  Jan.  1841. 

For  convenient  reference  in  describing  the  varying  phases  of 
the  volcano,  I  introduce  (see  Plate  XII)  a  view  of  the  crater  of 
Kilauea  from  its  north  side,  as  it  appeared  in  December,  1840,* 
when  it  had,  as  a  consequence  of  the  eruption  about  six  months 
before,  a  lower  pit,  and  a  "black  ledge,'*  besides^  the  great 
southern  lake  ol  lavas,  Halema'uma^u,  all  well  defined.  The 
artist  of  the  expedition,  Mr.  J.  Drayton,  has,  with  the  aid  of  bis 
camera  lucida,  brought  out  well  the  features  of  the  scene. 
The  more  distant  wall  is  about  14,000  feet  from  the  near  side, 
and  this  is  not  far  from  the  idea  the  view  conveys,  quite  as 
nearly  so  as  ii  appears  to  be  in  the  actual  scene.  But  one  or 
two  points  of  geological  importance  have  been  overlooked 
which  should  be  mentioned  to  forestall  wrong  inferences;  one 
is,  the  omission  of  the  stratification  pf  the  wall,  which  is  a 
marked  feature;  and  another  is  the  giving  a  slight  concavity 
to  the  floor  of  the  crater  in  the  northern  or  near  part,  which 
was  not  a  fact.  The  small  jets  of  vapor  over  the  bottom  arise, 
with  a  single  exception,  from  fissures  or  cavern-like  openings; 
and  such  escapes  of  vapor  are  greatly  multiplied  by  a  rain. 
The  exception  was  that  of  a  lava-lake,  about  200  feet  in  diam- 
eter, named  Judd's  Lake  in  the  "  Narrative,"  which  was  the 

*  Cropied  from  the  plate  facing  page    125,  in  the  4th   voUime  of  Wilkes's 
Narrative.  . 
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larger  of  two  small  lakes  that  were  active  in  November,  at  the 
time  of  my  viaiL 

1.  Befork  the  Eruption  op  1823. — The  condition  of 
Kilauea  prior  to  the  eruption  of  1823  is  known  only  from 
atatemente  in  the  "Journal  of  the  Deputation  of  the  Mission  " 
(la),  or  the  "Narrative"  (16),  and  in  a  letter  of  Bev.  Joseph 


mirk  ex  stel  n  t  blick  ledge,  as  iwas  then  called,  running 
like  a  terrace-plain  around  tlie  interior,  some  hundreds  of  feet 
above  ihe  bottom.     "  It  was  evident,"  says  the  Journal,  "  thai 
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crater  had  been  recently  filled  with  lavas  up  to  the  black 
;e;"  and  Mr.  Goodrich  remarks  that  "the  black  ledge  was 
!e  by  the  crater's  being  filled  to  that  level''  (Via).  This 
dusion  was  evidently  derived  from  the  features  of  the 
;6;  for  this  was  the  first  visit  of  foreigners.  Still  they  may 
9  had  a  hint  from  the  islanders,  one  of  whom  in  1826,  told 
Rev.  Mr.  Bishop  that  *' after  rising  a  little  higher  the  lava 
Id  discharge  itself  toward  the  sea  as  formerly  by  an  under- 
md  way."  I  introduce  here  (fig.  l)an  outline  copy  of  the 
B  in  the  Journal  (\a\  and  also  (fig.  2)  of  that  in  the  Narra- 
(16),  both  reduced.  They  corroborate  one  another  in  all 
main  points,  though  having  differences  due  either  to  cor- 
ions  in  England,  or  to  changes  suggested  by  Mr.  Ellis.  The 
k  ledge  borders  the  lower  pit  around,  as  in  1840,  but  is 
r  narrow. 

he  eruption  probably  took  place  between  the  preceding 
iths  of  March  and  June.  At  ronahohoa  in  Kapapala,  they 
(la,  p.  117)  a  large  sunken  area,  50  feet  deep,  fissured  in 
iirection?»,  besides  steaming  chasms,  and  ejections  of  fresh 
^  which  they  were  told  by  the  natives  of  the  place  were 
le  by  Pele  two  moons  before;  and  by  natives  of  Keara- 
10,  five  moons  before  (p.  151).  It  is  added :  "  Perhaps  the 
7  of  the  lava  that  had  tilled  Kilauea  up  to  the  black  ledge  " 
d  been  drawn  off  by  this  subterranean  channel."* 

After  the  Eruption  of  1823.  a. ,  Size  of  tfie  Oraier. — 
t  discharge,  wherever  it  took  place,  was  followed  in  the 
er  by  a  down  plunge  of  part  of  the  floor,  giving  Kilauea  its 
3r  pit  and  **  black  ledge."  The  depth  of  the  lower  pit  was 
nated  by  the  Mission  party  at  300  or  400  feet ;  and  the  total 
th  of  the  crater,  700  to  800,  making  the  former  nearly  or 
e  half  the  latter.  Mr.  Goodrich,  who  was  at  the  crater  with 
party,  and  three  times  afterward  before  April,  1825,  esii- 
ed  the  whole  depth  at  over  1000  feet,  and  that  of  the  lower 
It  500  (Via),  the  latter  again  half  the  former, 
ieut.  Maiden,  R.  N.,  of  the  Blonde  (V,  p.  184)  made  a  map 
he  crater  (of  which  the  following  is  a  copy  reduced  one- 
i),t  and  measured  the  height  of  the  high  northwest  wall 
re  the  black  ledge.  He  states,  in  a  note  to  Lord  Byron's 
t,  that  he  obtained  by  triangulation,  8209  feet  for  the  dis- 
e  across  from  the  "  Hut,"  the  place  of  encampment,  to  the 

t  is  a  favoring  fact  that  Mr.  David  Douglas  in  January,  1834,  had  informa- 
Vom  the  natives  ttiat  in  1822  there  was  a  great  discharge  in  the  Kapapala 
don  (1X6,  p.  170).  The  same  region  was  fissured  and  had  its  small  ejections 
^a  at  the  eruption  of  Kilauea  in  1868,  and  probably  a  large  outflow  off  the 

'hiB  copy  has  the  lettering  of  the  original,  excepting  the  title,  which  is  "  A 
>f  the  Volcano  Peli.  in  the  island  of  Owhyhee,  by  Lieut.  Maiden,  R.N.,  1826 ;" 
be  east  half  of  Kilauea  Iki  is  omitted. 
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highest  part  of  the  western  wall,  a  point  numbered  7  on  bis 
map,  which  is,  in  all  probability,  Kamohoalii  of  Mr.  Dodge's 
map  (Plate  II  of  this  volume),  and  5°  oo'  for  the  angle  sub- 
tended by  the  wall  between  its  summit  and  the  black  ledge; 
and  that  he  thus  made  ihe  height  of  the  wall,  932  feet.  There 
is  here  a  slip,  for  the  data  give  851  in  place  of  932.  The  most 
recent   survey    makes   that  distance   8750   feet,  using   which 
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number  in  ilie  calculation  we  get  907  for  the  height  of  the 
wall.  It  is  therefore  probable  that  900  feet  ia  not  far  from 
right. 

Lieut.  Maiden  estimabd  the  depth  of  the  lower  pit  at  400 
feet  (;iiid  Dampier's  sketch  beyond  accords  with  this);  but  he 
saw  it  only  h-om  above  (illness  preventing  his  descent),  and 
more  than  two  years  after  the  eruption.  The  observers  of 
August,  1823,  and  Rev.  Mr.  Stewart  in  1825,  made  it  nearly 
or  quite  hsilf  of  the  total  depth  {giving  for  tjie  total  1700  or 
ISOU),  and  this  is  assumed  by  Mr.  Goodrich  in  his  later  letters. 

All  accounts  and  pictures,  together  with  Lieut.  Maiden's  map, 
make  the  black  ledge  narrow.  The  ])lates  from  Kllis's  sketch 
in  the  "Journal"  and  "Narrative"  (p.  438)  make  the  eastern 
side  of  it  the  broader:  but  the  part  shown  is  really  the  south- 
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eastern,  toward  the  sulphur  banks;  and  there  Rev.  E.  Loomis, 
in  June,  1824,  found  it  by  measurement  to  be  "nearly  fif- 
teen rorfs"  wide.*  Lord  Byron,  on  his  descent  into  the  pit, 
went  from  the  northeast  to  the  northwest  side,  and  says: 
the  widih  (referring  probably  to  the  north  aide)  varies  from 
four  or  five  feet  to  upwards  of  twenty.     The  annexed-sketch, 


i.  Kllauea.     Drawn  l>j-  R.  Dampier. 
which  is  a  copy  (reduced  one-third)  of  the  plate  by  R.  Dampier, 
making  the  frontispiece  to  Lord  Byron's  "Voyage"  (V),  has 
the  ledge  very  narrow.f   It  is  not  quite  certain  what  part  of  the 
crater  the  view  represents.     Mta.   Iioa  and   Kea  are   in    the 

*  Memoir  of  Wm,  T.  Brifcharn,  p.  401. 

f  The  plate  in  Ellin's  Pnlynoaian  ResearcheK  makes  tlie  breadth  about  the  »iiDe 
00  the  two  Bides,  as  the  Tollowing  outUne  copy  (reduced  a  sixth)  showa;  but,  as 


has  been  explained  (p.  436)  ic  has  little  value  as  to  details.  In  the  relative 
depths,  however,  of  the  lower  pit  and  npper  portion  it  agroes  better  with  tb« 
several  descriptiona  than  the  other  plates. 
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distance  and  the  chief  seat  of  fires  is  to  the  left,  and  by  com- 
paring with  Lieut  Maiden's  map  and  Drayton's  plates  tiie 
position  required  for  such  a  view  can  be  ascertained.  Rev.  C. 
S.  Stewart  describes  the  ledge  as  in  some  places  many  rods, 
in  others  a  few  feet  wide.  Mr.  Goodrich  (Via),  after  having 
measured  4he  whole  length  of  one  side,  remarks  that  ^^  it  is  like 
a  stair,  although  it  is  half  a  mile  wide  some  part  of  the  way  " — 
which  part  he  does  not  say. 

On  the  22d  of  December,  1824,  Mr.  Goodrich  (Via),  with 
Mr.  Chamberlain  (VIII),  measured  the  circumference  of  Kilauea 
at  the  top  wiOi  a  line^  and  made  it  7^^  miles;  which  is  the 
length  it  has  on  Mr.  Dodge's  map,  the  scale  of  which  is  500 
feet  to  the  inch.  They  measured  the  crater  also  on  the  black 
ledge,  going  half  way  around  it  and  estimating  for  the  rest, 
and  obtained,  as  the  result,  5^  miles  for  the  circumference  of 
the  lower  pit,  which  I  find  to  be  probably  nearly  right. 

b.  Oondition  of  the  crater  after  the  eruption. — The  "  Journal " 
(la)  says,  on  page  131,  ^*  the  southwest  and  northern  parts  of 
the  crater  were  one  vast  flood  of  liquid  fire,  in  a  state  of  terrific 
ebullition."  "  Fifty-one  craters,  of  varied  form  and  size,  rose 
like  so  many  conical  islands,  from  the  surface  of  the  burning 
lake.  Twenty-two  constantly  emitted  column^  of  gray  smoke 
or  pyramids  of  brilliant  flame  [lava-jets?],  and  many  of  them 
at  the  same  time  vomited  from  their  ignited  mouths  streams  of 
florid  lava  which  rolled  in  blazing  torrents  down  their  black, 
indented  sides  into  the  boiling  mass  below."  In  a  night  scene, 
p.  136,  "  the  agitated  mass  of  liquid  lava,  like  a  flood  of  metal, 
raged  with  tumultuous  whirl,"  and  "  at  frequent  intervals  shot 
up,  with  loudest  detonations,  spherical  masses  of  fusing  lava  or 
bright  ignited  stones  "* 

Descending  to  the  black  ledge  (Journal,  p.  144)  they  **  entered 
several  small  craters,"  "  bearing  marks  of  very  recent  fusion,'' 
**  and  many  which  from  the  top  had  appeared  insignificant  as* 
mole-hills"  proved  to  be  "12  or  20  feet  high."  They  also  col- 
lected the  "  hair  of  Pele,"  and  afterwards  found  it  seven  miles 
south  of  tlie  crater,  '*  where  it  bad  been  wafted  by  the  winds." 

♦  The  plate  in  the  "  Journal "  of  the  "  south  end  "  represents  "  one  "  continuous 
area  of  lavas  in  "tumultuous  whirl,"  in  accord  with  the  text,  and  that  in  the 
•'  Narrative"  is  similar,  but  with  more  extravagant  whirls,  for  they  are  hundreds 
of  feet  in  diameter,  and  even  ihe  black  ledge  is  covered  by  them.  Tlie  engraver 
has  apparently  tried  to  conform  to  the  description.  In  the  plate  of  the  Polynesian 
Researches,  the  liquid  surface  is  confined  to  the  great  South  Lake,  and  a  separate 
large  area  (or  two  of  them),  and  nothing  of  the  '-tumultuous  whirl"  is  represented, 
althouk?h  the  expression  remains  in  the  text  (p.  245).  It  seems  probable  from  the 
description  that  the  party  saw  only  "  one  "  great  lake,  that  of  the  South  end,  and 
that  great  overflowings  sent  streams  far  northward.  The  height  of  the  throw  of 
stones  (.see  plates)  is  evidently  an  exaggeration,  as  it  is  inconsistent  with  the  con- 
dition of  "  ebullition  "  at  the  time,  and  with  all  that  has  been  said  of  Kilauea 
since.     The  text  says  "  shot  up,"  but  does  not  say  how  high. 
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Mr.  Ellis  argues  from  the  **  conical  islands  "  (16,  p.  226,  and 
II,  iv,  p.  237)  that  the  boiling  caldron^of  melted  lava  "was 
comparatively  shallow,"  implying  that  the  cones  stood  on  the 
solid  bottom  of  the  lake.  He  also  noticed  that  the  walls  of 
Kilauea  were  *' composed  of  different  strata  of  ancient  lava." 

On  page  144,  the  Journal  (la),  after  describing  long,  covered, 
tunnel-like  chambers  occupying  the  emptied  interiors  of  lava 
streams,  the  upper  surface  rippled,  the  roof  "  hung  with  red 
and  brown  stalactitic  lava,"  and  "  the  bottom  one  continued 
glassy  stream,"  says  that  they  followed  one  such  covered  way 
**  to  the  edge  of  the  precipice  that  bounds  the  great  crater,  and 
looked  over  the  fearful  steep  down  which  the  fiery  cascade  had 
rushed,  the  fall  **  several  hundred  feet"  The  plate  in  the 
**  Journal"  (p.  438)  represents  rudely  such  a  stream  descend- 
ing the  west  wall  (like  that  of  1832,  on  the  opposite  side  of  the 
crater);  but  it  is* strangely  (perhaps  because  badly  drawn) 
omitted  from  the  plate  in  the  "Narrative." 

Mr.  Goodrich's  letter  on  April,  1825  (Via),  does  not  dis- 
tinguish the  events  of  his  drst  four  visits.  He  observes  that  in 
February,  1825,  he  counted  twelve  places  where  the  lava  was 
red  hot,  and  three  or  four  where  it  was  *'  spouting  up  lava  30 
or  40  feet";  and  mentions. the  escape  of  vapors  in  many 
places,   making   "a  tremendous  roaring."    On  December  22, 

1824,  a  crater  opened  in  the  bottom  where  the  lavas  boiled  like 
a  fountain,  with  jets  40  to  50  feet  high,  and  flowed  off*  50  or  60 
rods. 

Lord  Byron's  "  Voyage "  states  (p.  184)  that  on  June  30th, 

1825,  "fifty  cones  of  various  height  appeared  below,"  at  least 
*'  one-half  of  these  in  activity" ;  and  Mr.  R.  Dampier's  sketch 
represents  such  a  scene.  Lieut.  Maiden's  map  makes  the  cones 
fewer  and  very  broad,  unlike  the  descriptions;  crater  No.  5 
(p.  440)  is  probably  Halema'uma'u,  for  the  distance  from  the 
hut  is  right  for  it,  and  if  so  the  part  "concealed  by  smoke" 
was  of  much  less  extent  than  was  supposed  by  the  party. 

Eev.  C.  S.  Stewart,  who  was  with  the  party  from  the  Blonde, 
makes  the  same  statement  (III)  as  to  the  number  of  "conical 
craters,"  and  the  position  of  the  great  seat  of  action  in  the  south- 
"west  He  describes  (p.  298)  the  black  ledge  as  covered  with  tor- 
tuous streams  of  shining  lava  bearing  "  incontestible  evidence 
of  once  having  been  the  level  of  the  fiery  flood,"  and  adds  that 
"a  subduction  of  lava  "  had  "  sunk  the  abvss  many  hundreds  of 
feet  to  its  present  depth."  A  cone  on  the  bottom,  visited  by 
the  party,  spoken  of  as  "  one  of  the  largest,'*  "  whose  laborious 
action  "  had  attracted  attention  during  the  night  (p.  304  and 
No.  1  on  the  map),  was  judged  to  be  150  feet  high  *'a  huge, 
irregularly  shapen,  inverted  funnel  of  lava,  covered  with  clefts 
and  orifices,  from  which  bodies  of  steam  ^scaped  with  deafen- 
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ing  explosions,  while  pale  flames,  ashes,  stones  and  lava  were 
propelled  with  equal  force  and  noise  from  its  ragged  yawning 
mouth.*'  The  following  night,  crater  No  3  (Maiden's  map) 
became  suddenly  eruptive,  and  a  lake  of  fire  (No.  4?),  perhaps 
two  miles  in  circumference,  opened  in  the  more  distant  part. 

Mr.  Bishop,  after  a  visit,  Jan.  3,  1826,  reported  (VII)  a  simi- 
lar condition  of  the  crater  ;  and  also  the  filling  up  of  the  lower 
pit  since  August,  1823,  of  400  feet — probably  on  the  view  that 
the  original  depth  was  900  feet. 

It  will  be  observed  thj\t  the  above  citations  from  Mr.  Ellis 
and  other  early  writers  on  Kilauea  contain  no  mention  of 
*'  blowing  cones,''  except  what  is  implied  in  the  general  de- 
scriptions. This  is  true  of  other  later  reports,  including  that  of 
Captain  Wilkes,  who  saw  no  cone  in  notion.  Further,  it  ap- 
pears that  the  blowing  described  was  done  partly  by  the  small 
cones,  and  partly  by  openings  or  oven-shaped  places  over  the 
floor  of  the  crater,  as  implied  in  the  statement  of  Mr.  Goodrich 
(p.  443),  just  as  was  true  in  1886.  They  blow  violently  because 
they  are  small,  or  have  relatively  small  apertures,  so  that  the 
imprisoned  vapors,  on  bursting  the  envelope  of  liquid  or  semi- 
liquid  lava,  go  out  with  a  rush  and  a  roar.  The  only  heights 
of  ejections  of  lava  mentioned  are  30  to  40  and  50  feet ;  and 
the  heights  of  cones  12,  20,  and,  for  "  one  of  the  largest  cones," 
150  feet;  which  are  common  facts  of  later  time  down  to  the 
present.* 

The  close  correspondence  between  the  heights  and  character 
of  ejections  given  in  the  earlier  accounts,  and  those  (^f  recent 
years,  is  interesting  as  proving  long-continued  uniformity  as  to 
kind  and  quality  of  work  even  to  the  blowholes.  The  activity 
was  however  greater  and  more  general  than  has  been  witnessed 
for  many  years.  There  are  exaggerations,  but  they  are  mostly 
confit)ed  to  the  pictures,  and  to  some  of  the  general  descrip- 
tions. The  estimates  made  were  usually  below  the  truth,  from 
honest  caution. 

Further,  Mr.  Ellis  guards  the  reader,  as  has  been  shown, 
against  the  inference,  from  the  island-like  position  of  the  cones 
in  the  region  of  liquid  lavas,  that  they  were  floating-cones.f 

*  It  in  obvious  tliat  tho  liigli-shootinp:  cone  in  tho  plate  of  Ellis's  Polynesian 
RcHearche.-*  (II),  blowing  to  a  height  of  700  or  800  feet  (measuring  it  by  the 
height  of  the  u])i)er  wull).  is  the  artist's  fancy  sketch,  as  suggested  on  page  436. 
It  is  wliolly  un-Kilauean  and  fnndanicntally  out  of  place.  The  earlier  plate  from 
Mr.  i-'-lhs's  sketch  in  tlio  Muurnnr  (I),  also  exag-^erates,  but  only  a  third  as  mucli 
exc<'pt  nvor  the  Soutli  Lake. 

f  On  paLTC  111  of  Captain  Diitton's  Report,  the  author  presents  the  case  differ- 
ently, as  follows. — "The  earlier  visitors  to  Kilauea  whose  accounts  of  it  are  now 
aceessibh'  sprak  of  a  phenomenon  which  did  not  exist  at  the  time  of  my  \isit.  I 
refer  liere  to  what  has  been  termed  'blowing  cones '  within  the  lake.  Ellis,  in 
bis  accoiuit  of  Kilauea  in  1823,  described  them  as  'conical  inverted  funnels' 
rising  to  heiglits  varying  irom  twenty  to  forty,  or  even  fifty  feet  above  the  surface 
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c.  Progress  in  the  filling  of  the  lower  pit. — As  early  as  February, 
1825,  Mr.  Goodrich  stated,  in  view  of  the  overflows  he  had  ob- 
served, and  the  making  of  a  "  mound  "  over  60  feet  high  in  six 
weeks,  that  the  pit  had  begun  to  fill  up  (Via) ;  and  in  his  letter 
of  October  25,  1828,  (VI6)  he  made  the  pit  to  have  diminished 
in  depth  since  August,  1823,  by  300  or  400  feet.  A  year  later, 
Oct  25,  1829,  Mr.  Stewart  (VI)  described  the  lavas  as  still  200 
feet  below  the  level  of  the  black  ledge — which  implies  a  filling 
of  400  feet,  if  the  depth  in  1823  was  600  feet,  and  of  600  if  800 
feet  deep.  He  states  that  although  the  crater  was  comparative- 
ly quiet,  the  bottom  was  crossed  by  a  chain  of  lava-lakes,  one 
of  them  a  mile  wide,  throwing  up  masses  of  lava  15  to  20  feet; 
and  that  there  were  also  six  cones  in  action  in  the  lower  pit 
and  one  on  the  black  ledge.  Here  again  the  height  of  the 
ejections  mentioned  is  small.  In  October,  1830,  the  black  ledge 
was  still 'distinct  (XIV,  p.  387.) 

8.  Before  the  eruption  of  1832. — Before  the  eruption  of 
1832,  as  Mr.  Goodrich  states^  after  a  visit  to  Kilauea  *'  about  the 
1st  of  September  "  of  that  year  (VIrf),  "  the  crater  had  been  filled 
up  to  the  black  ledge  and  about  fifty  feet  above,  about  900  feet 
in  the  whole  since  I  first  visited  it,  and  it  had  now  again  sunk 
down  to  nearly  the  same  depth  as  at  first  (in  1823),  leaving  as 
usual  a  boiling  caldron  at  the  south  end."  The  precise  time  of 
the  discharge  and  down-plunge  is  not  stated.  He  addn,  "  The 
earthquake  of  January  last  had  rent  in  twain  the  walls  of  the 
crater  on  the  east  side,  from  the  top  to  the  bottom,  producing 
seams  from  a  few  inches  to  several  yards  in  width,  from  which 
the  region  around  was  deluged  with  lava."  **  The  chasms 
passed  within  a  few  yards  of  where  Mr.  Stewart,  Lord  Byron, 
myself  and  others  had  slept,"  "  so  that  the  very  spot  where  I 
have  lain  quietly  many  times  is  entirely  overrun  with  lava." 
(See  map,  p.  440).  This  outflow  is  stated  by  Mr.  David 
Douglas  (1X6)  to  have  occurred  in  June,  18.32.  We  may  con- 
clude, therefore,  that  the  time  of  eruption  was  probably  in 
January,  but  perhaps  in  June  of  1832  ;  certainly  before  Sep- 
tember 1832,  the  time  of  Mr.  Goodrich's  visit. 

4.  After  the  eruption. — a.  Size  of  the  crater  after  the  erup- 
tion.— As  to  the  new  depth  of  the  lower  pit,  we  have  first  Mr. 

of  the  lake,  with  opeDiogs  at  the  top  from  which  jets  of  vapor  and  sometimes 
spouts  of  lava  were  thrown  out.  As  many  as  hfty  were  seen  at  one  time  within 
the  great  lava  lake  then  existing,  and  most  of  tliom  were  simultaneously  active. 
The  same  phenomenou  was  described  in  1825  by  parties  from  H.  B.  M.  frigate 
Blonde.  They  were  also  observed  by  Wilkes  in  1841,  au'l  have  frequently  been 
seen  within  the  last  ten  or  tifteen  years  by  many  other  visitors.  They  appear  to 
have  been  composed  of  solidified  but  very  hot  lava.  None  of  them  were  perma- 
nent, but  after  a  short  period  of  activity  they  were  either  melted  down,  or  shifted 
tiieir  positions.  Ultimately,  no  doubt,  they  were  remelted.  That  they  shifted 
their  positions  is  fully  attested  by  many  observers.  Most  probably  they  were 
masses  of  solldifled  lava  floating  like  bergs  in  the  lake." 


4K      Jf.  />.  />rvf — n^JfUi^  '/f  tip^  <^irf»^«  n  Xm 


3»»  Ssrt "":  w^iicr:  35aiSEi.«i*  ^c^il-i  an&ke  lae  dep^  of  the  knrer 
tts  after  lae  ^rxccif'.c  :f  1*S2  sKar>  $••>  hcc  azd  of  tbe  enter 
frrxEL  vji  Vj  ?>:o:cl  175»>  55«.  Ti^  ^^sr-^av-  rf  :&e  ongizial 
3«ccri«  Tiii  a5f  ri»w  Li  13S5  lais  see  ^per  asd  £wer 
▼er^f  o€  2/*arlT  ^xal  bsziii.  i=.'i  izas  Laens.  Maldec 5 
2i«2affxr%=!eni  Ti*  ihersf-ir*  rood  i-.^  rociu     Tbere  b  ix>  pab- 

Bt  I-*ci^r  fr»:ci  Mr.  W.  D.  AI'*Tag>i'*r,  Sarreyor  General  of 
i-.t  Hivvin::  Islazaii  i£:ai  Min^  i  IS^T,  T  leariL  ihas  bis 
faiher.  Brr.  W31.  C-  Al«HtA3irr  wio  Arrir^fi  at  the  Sand- 
wTcii  fcjkiii*  li  1?5±  Tis^ai  zzue  craier  oc  the  12ih  of 
Jia^an-  1^53.  :bcr  aiocM*  afier  Mr.  Goodrich  s  riat.  and 
!!!  C.3  zr.TiZit  iiarr  zires  :b*  -iepcii  of  lae  crmLer  as  2i»> 
feet  T-is  :e-'i§  :.>  jocrr^i  Mr.  G»dr^ri'«  nnmbeffSy  althoagh 
Gclj  a  rry^zs  esiimse.     He  saj^  ::oc2iicz  of  anj  black  ledge. 


exeepc  of  ;£:At  a;  tie  coc:.:-<a  of  toe  ±«»>  feet :  and  this  leads 


xo  ice  ir.f-rrerx*  :ba:  li*  I-size  -was  <raite  narrow,  as  in  18dS. 

0:i  the  ±±-d  of  Jia:iar7/ 1n^  Mr.  Darid  Douglas,  of  S 
land  *  XI>  r-.arie  siref^l  barxaewic  zseasorements  of  the  crater. 
•  all  th-e  decails  of  *h:;h.  viii  the  caIcaIaE*>:i.  are  eiren  in  his 
leaser  xo  Capcair.  Saock  DUv  He  obiai:iei  f*3r  tne  depth  to 
th-i  blaek  leize:  ci.  the  Ligaes;  oorthves:  side.  715  feet :  and 
\o  ;he  V-'icon.  ::  ihe  I^jrer  p:;,  L">77  fee:,  'rseaa  of  two  calca- 
lir.o^j?-  Tz.'^  riLii:^  :he  iepi  of:he  Io»er  p::  a:  :ha:  date 
^5 '-2  fr^::  i-  i :::;:'  :.:-  irii^i  i.e  sits  iha:  there  were  43  fee: 
r::>rt^  ^:  lie  =:ir;'i>r  ::  iJieliq-.i  liTis. 

VTe  :':::l5  k^  »  :ii:  :ie  -icTTL-r'.Tir.ire  wiS  a  fact:  and  using 
a5  eT.iez^e  cl.t  :le  zieAf-re:::ei.i?  of  Mr  D^ozlas,  and  noting 
::.i:  iirj  wtrre  n::iiei:  l^i^:a  j-rSiriLi  a  lal:  after  the  em  prion, 
::  Tri5  lirrer  V.t'r.  as  :•>  i-rrii:  ai.i  br«Li:h  ihan  that  of  lS4<-». 
n'ri:-r  tie  er:;::oL  cf  1^-Si: — :r.5:eai  of  being  " a  rerr  small 
CLe.  vTi.j  remrkib'e  :r:z:  tr.e  :a::  that  tne  issare  from  which 
it  ezianite:  '.reni  at  a  lerel  ::  z::ne  than  4*>J  feet  above  the 
rrrs^jn:  lavi-lake:* '  ^:th.  •s*:'  far  as  kno'sm,''  *' no  sympathy '" 
••  TTitLir.  :r,e  .j^t^soi  K:.a::fii  ""* — was  one  of  Kilaaeas  greatest. 
al:h  jn^r.  not  registerei.  5c-  far  as  known,  in  any  oaiside  stream 
o:  .ava. 

:..  Condi:'.:  .  'j/rf-  t'.:;  fr^^pt::  . — Mr.  Gocyinch  describes  the 
Great  Lake  :.:  the  so:::h  eni  as  "  t^"*  or  S«>  rods  lonff,  and  20  or 
8»»  ro'is  "^1  ie.*  a'-o-:::  2"  fee:  below  :he  brim  ;  "the  whole  mass 
of  liquid  an  i  semi  n^ii  iava  was  hoiiing.  fuaming  and  dashing 
its  nerv  bei.ows  asrains:  the  r>:kv  shore  :  the  mass  was  in 
motion,    runninsr  from  norih   to  s«3u:h,  at  the   rate  of  two  or 

♦  Rep-:r:  :f  Cai>tu-:i  Dur^:::.  p.  '.-4.  nrferrlnr  ::  :ir  rr:rti:c  nemr  Lord  Bvron's 
Hu:. 
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three  miles  an  hour,  boiling  up  as  a  spring  at  one  end  and  run- 
ning to  the  other."  Mr.  Alexander,  while  in  the  crater  four 
months  later,  found  this  lake,  *'  the  principal  furnace,  not  in 
lively  action,"  and  ascended,  much  disappointed ;  but  by  the 
time  he  had  reached  the  summit,  ''the  grand  crater  commenced 
furious  action,  spouting  with  a  roaring  sound,  streams  of  melted 
lava  far  into  the  air."  The  next  day  he  went  again  to  the  bot- 
tom, and  direct  to  the  great  boiling  caldron  two  and  a  half 
miles  distant,"  and  found  it  "  8000  feet  long  and  1000  feet 
wide,  tossing  its  fiery  surges  40  or  50  feet  into  the  air."  He 
went  to  the  brink  of  the  lake,  but  left  it  on  account  of  the 
fumes,  and  three  minutes  afterward  the  spot  was  covered  with 
the  lavas  of  an  overflow,  "  which,"  he  says,  "seemed  to  pursue 
us  as  we  hastened  away."  It  is  important  to  observe  that  uni- 
formly the  **far  into  the  air"  and  similar  expressions  in  the 
general  descriptions  of  travelers  become,  when  put  in  figures, 
not  far  from  30,  40  or  50  feet  of  actual  height. 

Mr.  Douglas,  whose  visit  was  in  1834,  reports  (XI)  that  he 
found  two  great  boiling  lakes  in  the  crater,  a  northern  319  yards 
in  diameter,  and  a  southern  1190  by  700  yards  in  area,  heart- 
shaped  in  form.  The  great  southern  lake  was  ''at  times  calm 
and  level,  the  numerous  fiery-red  streaks  on  its  surface  alone 
attesting  its  state  of  ebullition,  when  again  the  red  hot  lavas 
would  dart  upwards  and  boil  with  terrific  grandeur,  spouting  to 
a  height  which  from  the  distance  at  which  I  stood  (on  the  west 
wall)  I  calculated  to  be  from  20  to  70  feet.  Close  by  stood  a 
chimney  above  40  feet  high  which  occasionally  discharged  its 
steam  as  if  all  the  steam  engines  in  the  world  were  concentrated 
in  it."  There  were  other  chimneys  over  the  bottom,  some 
active  and  others  comparatively  quiet  In  each  of  the  large 
lakes  the  lavas  had  an  apparent  movement  southward,  the 
velocity  of  which  Mr.  Douglas  measured  (by  throwing  on  a 
block  of  lava  and  seeing  how  long  it  took  to  go  100  yards) 
making  it  nearly  3 J  miles  an  hour.* 

c  Filling  of  die  pit  after  the  eruption  q/"1832. — On  the  8th  of 

*  Mr.  Douglas's  testimony  with  regard  to  the  Hawaiian  volcanoes  has  been 
doubted  because  of  his  incredible  account  of  what  he  saw  at  the  summit  crater  in 
a  letter  to  the  eminent  botanist,  Dr.  Hooker.  But  I  find  that  injustice  has  been 
done  him.  His  Journal  of  his  visit  to  the  summit  (IXa),  evidently  written  by 
him  at  the  time  of  his  observations,  represents  the  crater  as  having  been  long 
quiet  While  at  Honolulu,  over  three  months  later  (May  3),  he  wrote  Capt.  Sabine 
on  his  various  physical  investigations  and  barometric  measurements,  and  gave 
him  the  same  facts  as  to  the  summit  crater  that  he  has  in  his  Journal,  and 
partly  in  the  same  words.  Only  three  days  later  (May  6)  he  wrote  his  letter 
to  Dr.  Hooker — a  reasonable  letter  in  all  parts  excepting  its  description  of  the 
terrific  activity  and  immense  size  of  the  Mt.  Loa  crater.  His  words  indicate  a 
mixing  up  and  magnifying  of  what  he  had  seen  at  the  Kilauea  and  summit 
craters,  which  can  be  explained  only  on  the  ground  of  temporary  hallucination. 
Mr.  Douglas  was  an  excellent  Scotchman,  and  all  the  rest  of  his  writmgs  are 
beyond  questioning. 
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May.  183S,  aboat  six  vears  after  tbe  erapdon.  Captains  Chose 
and  Parker  were  at  ^Lilauea.  Ao  accoaat  of  what  they  saw 
waB  written  by  Mr.  E.  G.  Kelley  from  their  statements,  sab- 
mitied  to  them  for  approval,  and  afterward  pablisfaed  in  this 
Jonrnal  (X),  with  a  plate  from  their  sketches,  bat  redrawn  un- 
fortanately  by  a  Sew  Haven  artist  who  evidently  had  Vesavius 
in  his  tboaghts.  An  outline  copy  is  here  introdaced.  It  was 
taken  at  the  iiouth  end  looking  northeastward,  and  has  the  Great 
South  Lake  in  the  foreground.     There  is  no  black  ledge  on  the 


west  or  non  h  tiitie :  uml  to  the  left  instead  of  a  black  ledge  there 
isa  ilepresseil  plain.  40  feel  lielow  the  general  level :  the  part  of 
it  AA  was  llo<iilt;d  by  lavas  after  having  been  passed  over  by 
the  j'lirty.  Tho  crater  was  unusually  active:  there  were  26 
volcanic  cone:?.  -I'j  to  00  feet  high,  eight  of  them  throwing  out 
cinders,  reil  hot  lava  and  steam,  and  six  lakes  of  lava  (t),  in- 
clmliiii.' the  Great  Lake  "  "ccupying  more  space  than  all  the 
rest."' 

Xut  far  from  the  center  of  the  Great  Lake  there  was  an  inland, 
I,  of  black  solid  lava  which  '"  heaved  up  and  down  in  the  liquid 
mass"  and  ■■  rocked  like  a  ship  on  a  stormy  sea,'"  This  is 
the  lirst  mention  of  a  '•  floating  island."  The  descending 
etreams  at  IJ  are  described  as  streams  of  sulphur,  but  as  this  is 
not  jiossible  thcv  were  probably  lava  streams  in  part  colored 
yellow. 

The  same  year,  in  August  or  September,  Count  Strzelecki 
(who  later  visited  New  South  Wales),  was  at  the  crater  (XI). 
He  made  some  barometric  measurements  over  the  region,  and 
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determined  the  height  of  the  north-northeast  wall  down  to  the 
'*  boiling  sarface  of  igneous  matter"  to  be  600  feet,  and  makes 
no  mention  of  a  black  ledge.  He  describes  six  craters  with 
boiling  lavas,  four  of  which  were  only  3  or  4  feet  high,  a  fifth, 
.40  feet,  the  sixth  150  ;  the  first  five  as  containing  12,000  square 
feet  each,  while  the  sixth — which  he  says  is  called  ^*  Hau-raau- 
maa" — contained  nearly  a  million.  He  alludes  plainly  to  the 
ebullition  over  this  great  lake  in  the  expression  '*  ceaseless 
impetuosity  and  fury."  He  states  that  the  lava  sank  and  rose 
in  all  the  lakes  simultaneously  ;  which  is  not  always  true.^ 

On  the  16th  of  September,  1839,  Captain  John  Shepherd,  R 
N.,  visited  Kilauea  (XII).  He  speaks  of  the  black  ledge  as  "ob- 
literated ;"  of  cones  20  to  30  feet  high,  whence  issued  vapors  and 
lava  with  loud  detonations ;  of  a  lake  of  lava  toward  the  east 
side  one  mile  long  and  half  a  mile  wide  within  a  cone  100  feet 
high,  from  the  summit  of  which  he  saw  the  expanse  of  liquid 
lava  in  violent  ebullition.  He  also  mentions  that  the  lavas  had 
an  apparent  flow  from  south  to  north,  and  a^lds,  "caused  by 
the  escape  of  elastic  fluids,  throwing  up  the  spray  in  many 
parts  80  to  40  feet." 

5.  Before  the  eruption  of  1840. — Mr.  Coan  states  (XIII) 
**on  the  testimony  of  many  natives"  that  in  the  latter  part  of  May, 
for  a  week  previous  to  the  eruption,  the  interior  of  Kilauea  was 
** one  great  sea  of  liquid  lavas;"  which  signifies  the  existence 
of  many  active  cones  and  boiling  lakes  over  the  bottom  and  ex- 
tensive outflows  from  the  lakes  and  from  opened  fissures.  He 
remarks,  further,  that  the  ground  about  Kilauea  so  trembled 
from  the  action  below  that  the  islanders  avoided  the  path  along 
the  verge  of  the  crater. 

There  was  indubitable  evidence  at  the  time  of  my  visit,  in 
November,  five  months  after  the  eruption,  of  a  recent  flooding 
of  the  black  ledge  with  lavas,  in  the  tortuous  scoriacovered 
streams  of  cooled  lava  that  covered  it. 

6.  The  eruption  of  1840. — No  intelligent  observer  was 
present  at  the  eruption.  Mr.  Coan,  then  a  resident  of  Hilo, 
returned  home  from  Oahu  in  July,  and  his  first  account  of  it 
appeared  in  September  of  that  year.     He  found  that,  through 

*  Count  Strzelecki's  note  in  the  Hawaian  Spectator  occurs  in  the  number  for 
October,  1838,  which  number  also  states  that  be  was  visitiog  various  portions  of 
the  Pacific  in  H.  B.  M.  S.  Fly.  It  differs  widely  from  the  report  in  his  own  work, 
in  making  the  area  of  the  largest  lake  300,000  square  yards,  and  those  of  th« 
smaller  **  about  6,700  square  yards  each.''  His  volume  is  the  later  publication, 
and  should  set  aside  the  newspaper  note.  Count  Strzelecki,  in  this  volume,  de* 
Bcribes  the  terraces  around  the  Kilauea  crater  as  vast  platforms;  makes  the 
height  above  <he  sea-level  of  ihe  north-northeast  side  of  Kilauea  two  paces  from 
the  edge  of  the  precipice.  4.109  feet  and  600  feet  above  the  fires  below ;  and  ob- 
■erres  (hat  this  is  950  below  the  brim  of  the  ancient  crater,  the  highest  point  of 
which  be  made  5,054  feet  and  its  circuit  24  miles.  He  thought  he  saw  evi- 
dence that  this  grater  crater  was  formerly  brimfull  of  molten  lava. 
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the  dischjtrge  of  Istss  and  a  oooseqaent  down-plange  in  the 
crater,  there  was  again  a  lower  pit  with  a  black  ledge.     He 

Sthered  facu<  showing  that  the  eniption  began  on  the  30th  of 
av«  made  itself  apparent  at  intervals  down  the  eastern  slopes 
of  the  moanuin,  finally  broke  oat  as  a  stream  twelve  miles 
from  the  coast  and  flowe«i  into  the  sea  jost  soath  of  Nanawale; 
and  that  the  flowing  continaed  for  three  weeks.  The  condi- 
tion  of  the  crater  in  November,  the  time  of  my  visit,  agrees 
well  with  the  view  in  the  accompanying  Plate  (PL  XII)  which 
was  taken  two  months  later.  The  ronte  to  the  seashore  was 
surveyed  by  the  officers  of  the  Expedition  in  January,  and  less 
perfectly  by  myself  in  November. 

My  failare  to  survey  the  whole  roate  of  the  lavas  to  the  sea- 
coast  and  investigate  other  parts  of  Hawaii  was  in  obedience  to 
orders.  The  vessel  of  the  Expedition  to  which  I  was  attached — 
the  sloop-of-war  "  Peacock  ^ — was  at  the  time  already  under  sail- 
ing orders  for  hydrographie  work  in  the  equatorial  regions  of  the 
Pacific;  and,  although  the  geologist  of  the  Expedition,  I  was 
required  to  go  off  with  her,  away  from  the  most  important  field 
of  geological  investigation  in  the  ocean.  Only  a  week  was 
allowed  roe  for  Hawaii.  I  left  the  region  of  volcanoes  with 
a  silent  protest — ihe  only  safe  kind — but  found  compensation 
through  work  in  another  field  ;  and  though  an  old  field  to  me,  it 
was  one  of  unexhausted  delight  and  instruction — the  coral  islands 
of  the  central  Pacific.  I  was  enabled  to  add  much  to  the  knowledge 
of  reefs,  corals  and  crustaceans  which  I  had  gathered  during  the 
preceding  season  in  the  Paumotu,  Society,  Samoan,  Friendly  and 
Fejee  Islands,  by  excursions  and  studies  in  the  Union  Group  of 
atolls,  ihe  Phienix  (Troup,  the  Kingsmill  or  Gilbert  islands,  and 
others.  Captain  Wilkes  had  once  (while  we  were  off  Patagonia) 
sent  me  word,  when  I  was  seeking  information  from  the  log-book 
of  his  vessel  as  to  the  winds  of  a  Cape  Horn  .2:ale,  that  he  had 
that  department  in  charge.  At  the  Hawaiian  Islands  it  was  made 
to  appear  that  at  his  pleasure,  he  had  the  geological  department 
also  in  charsre,  although  he  knew  nothing  of  the  subject.  The 
"  Narrative,"  however^  was  intended  to  include  all  departments  ; 
and  the  energetic  commander  was  never  conscious  of  incapacity 
in  any  direction. 

7.  After  the  eruption  of  1840. — Size  of  the  Crater, — 
Capt.  Wilkes  states,  on  page  123  of  the  4ih  volume  of  the  Nar- 
rative, that  the  "  black  ledge  surrounds  it  [the  crater]  at  the 
depth  of  660  feet,  and  thence  to  the  bottom  is  384  feet ;"  and 
four  pa^es  bevond  :  '*  the  black  ledge  is  of  various  widths,  from 
600  to  2,000  feet.''  The  black  ledge  "  was  found  [to  be]  660 
feet  below  the  rim."  The  floor  of  the  crater  "  was  afterwards 
found  to  be  384  feet  below  the  black  ledge,  making  the  whole 
depth  987  [1,044  ?]  feet  below  the  northern  rim." 
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Tfie  observations  here  reported  were  made  in  December, 
1840,  the  party  leaving  on  the  18th  for  the  top  of  Mt.  Loa. 
Other  observations  on  fclauea  were  made  by  Capt  Wilkes  and 
his  officers  just  a  month  later,  in  January ;  and  these  include 
a  topographic  survey  of  the  crater  by  Capt.  Wilkes,  who  says: 
"I  measured  mv  base  and  visited  all  the  stations  around  the 
crater  in  their  turn."  On  page  175  it  is  stated  that  the  obser- 
vations of  one  of  the  officers  of  the  expedition,  Lieut.  Budd, 
made  the  depth  to  the  black  ledge  650  feet,  and  thence  to  the 
bottom  342  feet,  whence  "  the  total  depth  992  feet"  On  page 
179,  we  learn  that  Lieut.  Eld  was  instructed  to  make  the  meas- 
urement of  the  depth,  "  as  I  was  desirous  of  proving  my  own  as 
well  as  Lieut.  Budd*s  observations ;"  and  then  follows  the 
remark,  "The  measurements  coincided  within  a  few  feet  of  each 
other."  Had  the  precise  numbers  obtained  by  Lieut.  Eld  been 
reported  we  might  be  able  to  remove  the  doubts  left  by  the 
varying  statements.  But  the  fact  that  Lieut  Budd's  results  are 
inserted  by  Capt  Wilkes  on  his  own  map  of  the  crater  is  a 
strong  reason  for  believing  that  the  coincidence  was  between 
the  results  obtained  by  the  two  Lieutenants. 

I  add  here  a  few  words  from  my  own  report,  on  the  surface 
about  Kilauea,  on  the  stratification  and  rock  of  the  walls  and 
the  absence  from  them  of  scoria,  and  on  the  escaping  vapors  of 
the  Great  Lake.  "The  country  around  [Kilauea]  is  slightly 
raised  above  the  general  level,  as  if  by  former  eruptions  over 
the  surface."  The  walls  "consist  of  naked  rock  in  successive 
layers"  "and  look  in  the  distance  like  cliffs  of  stratified 
limestone."  The  rock  is  a  heavy  compact  dark  gray  to  gray- 
ish black  lava  [basalt]  containing  usually  fine  grains  of  chryso- 
lite; and  no  layers  of  scoria  like  that  making  a  crust  of 
two  to  four  inches  over  the  solidified  lavas  from  the  lava-lakes, 
intervene  even  in  the  walls  of  the  lower  pit,  each  new  stream 
having  apparently  melted  the  scoria  crust  of  the  layer  it  flowed 
over.  While  the  cooled  lava-streams  over  the  bottom  were  of 
the  smooth-surfaced  kind  [and  would  be  called  pahoehoe]  there 
was  the  important  distinction  into  streams  having  the  scoria- 
crust  just  mentioned,  and  those  having  a  solid  exterior  and  no 
separable  crust,  pointing  to  some  marked  diflference  in  condi- 
tions of  origin.  "The  vapors  rising  from  the  surface  of  the 
Great  Lake  were  quite  invisible  until  reaching  an  elevation 
where  part  became  condensed  by  heat"  (p.  179);  here  began  "a 
colunm  of  wreaths  and  curling  heaps"  and  upon  this  column 
"the  broad  canopy  of  clouds  above  the  pit  seemed  to  rest" 
(p.  172). 

[To  be  continued.] 
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[PresdentUi  Addreas  rMd  before  the  Americui  Sodetj  of  XAtmrnluts  at  Phila- 
delphia, necember  28,  18S6.] 

Mr.  Presidext  and  Gentlemen  : — A  year  ago  your  saf- 
frages  made  me  mj  own  successor  in  office.  To  that  met  is  due 
our  present  relation  of  audicice  and  speaker,  and  to  that  fact 
ia  also  due  the  subject  of  my  diaoourse.  Mj  re-election  was  a 
phenomenon  of  so  surprising  nature  that  I  have  only  recently 
ceased  to  frame  explanatory  hypotheses.  One  theory  after 
another  was  subjected  to  such  tests  as  were  available,  and  was 
proved  to  be  untenable — until  finally  it  occurred  to  me  that  my 
address  last  year  was  not  thrown  open  to  debate,  and  that  the 
nomination  of  officers  came  soon  after  it  It  was  then  evident 
that  the  treatment  of  the  subject  of  the  address  had  not  been 
so  clear  and  convincing  as  was  desirable,  and  that  you  had 
delicately  given  me  an  opportunity  to  supplement  it.  I  em- 
brace the  opportunity. 

Our  subject  last  year  included  the  general  process  of  scien- 
tific research.*  To-day  endeavor  will  be  made  to  illustrate  the 
general  process  by  a  description  of  certain  special  methods  of 
its  application. 

When  one  of  oar  citizens  first  comes  into  relation  with  the 
Chinese,  he  finds  great  difficulty  in  distinguishing  and  recog- 
nizing iiidividuals.  This  is  not  because  marks  of  discrimina- 
tion are  wanting — the  Chinaman  from  a  different  province  has 
no  such  trouble, — it  is  merely  that  he  unconsciously  groups  to- 
gether all  the  features  of  face  and  costume  as  strange.  The 
common  features  by  their  strangeness  hold  his  attention,  and 
until  this  strangeness  has  passsd  away,  he  does  not  automat- 
ically catch  the  individual  features.  A  year  ago  we  gave 
attention  to  the  common  features  of  research  and  saw  it  as  a 
unit.  If  now  we  ^ihould  attend  instead  to  the  features  of  dif- 
ference, we  wouUl  find  an  immense  assemblage  of  individual 
operations,  devices,  and  other  details,  a  limited  number  of 
formulated  procedures  applicable  to  groups  of  special  cases, 
and  a  great  organized,  though  ever  enlarging,  system  of  research, 
in  which  each  special  procedure  assumes  its  proper  cooperative 
function.  I  shall  attempt  neither  the  enumeration  of  the  de- 
tails, nor  the  characterization  of  their  groups,  nor  the  demon- 
stration of  the  organized  system.  I^ould  not  if  I  would,  and  if 
I  could,  time  would  not  permit.  What  F shall  attempt  is  this: 
first,  to  follow  for  a  time  the  course  of  an  elaborate,  carefully 
planned    investigation    of    a   complex   subject,   analyzing   its 

*  This  Journal,  vol.  xxxi,  p.  284,  April,  1«86. 
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methods  by  the  way ;  and  second,  to  describe  a  special  system 
of  procedure  which,  liJce  the  rule  of  three,  stands  ready  to 
assist  the  student  whenever  a  suitable  occasion  arisea 

The  investigation  chosen  for  my  first  purpose  is  that  of 
thunderstorms,  as  undertaken  by  the  New  England  Meteorologi- 
cal Society.  It  is  planned  by  the  society  in  a  broad  way  and 
has  among  its  objects  the  classification  of  the  storms  (provided 
the  discrimination  of  distinct  types  is  possible),  the  determina- 
tion of  their  mechanism,  the  discovery  of  their  causes,  and  the 
prediction  of  their  occurrence.  An  account  of  the  work,  a 
summary  of  the  first  season^s  observations,  and  an  outline  of 
the  conclusions  deduced  therefrom  have  been  published  by 
Professor  Davi&  I  have  selected  this  research  as  an  illustra- 
tion of  my  theme,  partly  because  it  belongs  to  the  living  pres- 
ent and  is  somewhat  familiar  to  most  of  my  audience,  and 
partly  because  the  methods  employed  and  the  reasons  for  their 
adoption  have  been  set  forth  by  Professor  Davis  with  excep- 
tional fullness  and  clearness.* 

You  are  not  to  expect  an  abstract  of  his  papers,  but  only  of 
such  passages  as  are  necessary  to  an  understanding  of  the  gen- 
eral nature  of  the  considerations  determining,  first,  the  formu- 
lation of  the  scheme  of  observations,  and,  second,  the  methods 
of  classifying  the  observations  after  they  had  been  made.  My 
discussion  of  the  scheme  of  observations  will  be  introduced 
by  a  general  account  of  the  factors  determining  its  principal 
features,  and  by  an  account  of  the  features  themselves,  after 
which  an  analysis  will  be  attempted  of  the  logical  relations  of 
the  two. 

The  system  of  atmospheric  phenomena  which  centers  about 
a  large  area  of  low  pressure  is  called  a  cyclonic  storm.  One  of 
these  storms  usually  has  a  diameter  of  several  hundred  miles, 
and  moves  across  the  country  so  slowly  that  an  entire  day  is 
apent  in  passing  a  single  point.  Their  nature  was  discovered 
by   comparing  together  simultaneous  observations  of  atmos- 

i)heric  phenomena  made  at  numerous  stations  scattered  over  a 
argearea;  and  a  knowledge  of  this  character  is  utilized,  as 
you  all  know,  by  the  national  weather  bureau  in  the  prediction 
of  storms  and  other  weather  features  from  day  to  day.  To 
obtain  the  data  necessary  for  prediction,  observers  are  stationed 
at  a  large  number  of  points  distributed  at  intervals  throughout 
the  United  States ;  and  it  is  arranged  that  they  record  a  cer- 
tain set  of  atmospheric  phenomena  at  three  concerted  times  in 
each  24  hours.     Before  the  New  England  society  began  its 

*  On  the  methods  of  study  of  Thunder-storms ;  bj  W.  M.  Davis.  Proc.  Am. 
Acad.  Arts  and  Sci.,  vol.  zxi,  p.  336. 

Thunder-storms  in  New  Kngland  in  the  summer  of  1885 ;  by  William  Morris 
Davis.    Proc.  Am.  Acad.  Arts  and  Sci ,  vol.  xxii,  p..  14. 
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work,  it  was  kDown  that  thoDderatonns,  al though  too  large  to 
be  fallj  observed  from  a  single  station,  are  too  small  to  be  in- 
vestigated by  means  of  so  coarse  a  mesh  of  stations  as  that  of 
the  national  weather  bareaa.  A  thanderstorm  observed  at  one 
of  these  stations  freqaentlj  escapes  notice  at  the  other  stations 
of  the  vicinity,  while  many  of  them  occar  between  stations  and 
are  thus  entirely  omitted  from  their  records.  It  was  known 
that  the  local  phenomena  of  a  thunderstorm  are  of  compara- 
tively brief  duration,  so  that  the  tri-daily  observations  do  not 
afford  a  complete  record  of  their  occurrence.  It  was  known 
that  some  thunderstorms  move  across  the  country,  appearing 
successively  at  different  points.  It  was  known  that  they  are 
characterized  by  electric  discharges  as  well  as  by  rain,  wind 
and  temperature  change,  and  it  was  known  that  their  occurrence 
is  more  frequent  in  summer  than  in  other  seasons  of  the  year. 
It  was  believed  or  hoped  that  some  conspicuous,  rea«)ily  ob- 
served feature  of  their  transit  might  be  found  so  persisieni  and 
constant  in  its  relation  to  the  aggregation  of  phenomena  con- 
stituting the  storm  that  it  could  be  u^cd  for  the  purpose  of 
tracing  out  the  path  and  general  form  of  the  meteor.  The 
society  was  unable  to  pay  it<<  observers  for  their  services,  and 
it  recognized  the  fact  that  those  who  might  voluntarily  cooper- 
ate with  it  must  not  be  overtaxed,  or  they  would  withdraw 
their  aid. 

With  these  considerations,  and  doubtless  many  others,  in  view, 
the  work  was  planned  and  organized.  The  initial  steps  were  the 
arrangement  of  a  system  of  stations  for  observation,  and  the 
preparation  of  schedules  of  phenomena  to  be  observed.  A 
large  number  of  resident  observers  were  engaged,  so  distributed 
that  the  interspaces  between  stations  were  much  smaller  that  in 
the  system  of  the  Signal  Service.  Provision  was  made  for  ob- 
servations at  very  short  intervals  of  time  during  the  approach 
and  passage  of  thunderstorms,  but  no  record  whatever  was  re- 
quired, except  a  general  negation,  on  days  when  no  thunder- 
storms occurred.  The  work  was  restricted  to  the  summer 
months.  The  observers  were  classified  in' such  way  that  the 
greater  number  were  called  upon  to  record  but  few  features  of 
the  storm,  while  a  few  who  were  able  and  willing  to  bestow 
much  time  and  attention  were  instructed  to  make  very  full  and 
minute  records.  The  schedule  of  observations  included,  be- 
sides  numerous  other  features,  a  number  of  definite  events, 
namely,  the  time  of  the  first  rainfall,  of  the  last  rainfall  and  of 
the  heaviest  rainfall,  the  time  of  the  first  thunder  heard,  and  of 
the  loudest  thunder. 

Looking  at  this  organization  for  observation  from  our  special 
point  of  view,  we  are  able  to  group  the  considerations  deter- 
mining its  details  in  four  categories.     In  the  first  place,  there 
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was  a  certain  amouDt  of  antecedent  knowledge  with  respect  to 
the  sabjectof  investigation,  and  this  determined  a  large  portion 
of  the  scheme ;  thus  the  nearness  of  the  stations  was  dictated 
by  approximate  knowledge  of  the  size  of  the  storms  to  be  ob- 
served. In  the  second  place,  certain  hypotheses  were  enter- 
tained in  regard  to  the  phenomena,  and  these  had  their  in- 
fluence; for  example,  it  was  tentatively  postulated  that  the 
beginning  of  rainfall  bore  such  a  constant  relation  to  the  storm 
as  a  whole  that  the  timing  of  it  would  afford  a  record  of  the 
progress  of  the  storm.  In  the  third  place,  analogy  with  other 
researches  had  its  influence ;  a  certain  resemblance  was  recog- 
nized between  thunderstorms  and  cyclonic  storms,  and  the  gen- 
eral system  of  investigation  was  modeled  upon  that  Vhich  had 
proved  successful  in  the  study  of  the  larger  meteors.  Finally, 
numerous  features  of  the  system  were  determined  by  what  may 
be  regarded  as  obstacles  to  observation.  The  limited  endow- 
ment of  the  investigation  was  such  an  obstacle  and  occasioned 
the  restriction  of  observation  to  a  certain  season,  the  further 
restriction  to  the  actual  period  of  storm  occurrence,  and  also 
the  classification  of  observers. 

This  classification  of  considerations  controlling  the  organiza- 
tion of  the  research  is  believed  to  be  comprehensive,  and  appli- 
cable to  any  other  systematic  research,  but  it  will  not  serve  the 
purpose  of  dividing  into  groups  the  details  of  working  plan  to 
which  the  considerations  give  rise,  because  nearly  every 
detail  is  the  joint  product  of  considerations  falling  in  two  or 
more  categories;  and  it  should  be  observed  also  that  its 
categories  are  not  mutually  exclusive.  The  consideration  of 
obstacles — or  practical  limitations — never  occurs  alone,  but 
merely  modifies  the  procedure  indicated  by  other  considera- 
tions. The  consideratio*  of  analogy  cannot  stand  alone,  be- 
cause analo>?y  exists  only  in  virtue  of  some  knowledge  or  sup- 
posed knowledge  or  hypothesis  with  reference  to  the  nature  of 
the  subject  of  research.  Ar)d  again,  considerations  of  ante- 
cedent knowledge  and  of  hypothesis  have  no  clear  line  of 
demarcation,  for  the  practical  discrimination  of  knowledge  and 
hypothesis,  however  sharply  they  may  be  divided  in  thought, 
is  beset  with  insuperable  difficulties. 

Returning  to  our  illustration,  we  note  that  the  published 
plan  of  observation  includes  no  mention  of  barometric  pressure  ; 
and  that  the  only  observations  touching  the  electric  condition 
of  the  atmosphere  are  those  on  lightning  and  thunder.  It  is 
easv  to  understand  that  these  omissions  are  referable  to  the 
obstacle  of  expense,  and  we  may  also  assume,  although  we 
have  no  warrant  in  the  publications  of  the  society,  that  such 
observations  will  be  made  at  some  future  stage  of  the  investiga- 
tion!   when  accumulation  of  knowledge  and   hypothesis  has 
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mmde  it  possible  Vi  develop  a  plan  whereby  a  small  nomber  of 
the  necessary  instraments  can  be  so  distributed  as  to  perform 
their  work  etTectivelj  and  economically.  This  assomption  of 
oor  own  is  based  on  the  analogy  of  other  investigations,  for  it 
is  a  common  featare  of  researches  that  the  preliminary  resalts 
determine  the  scope  and  field  of  snbseqaent  observation.  A 
research  is  the  exploration  of  an  anknown  land,  and  neither 
the  route  nor  the  i;oal  can  be  foreseen.  The  explorer  climbs 
the  hill  before  him,  and  from  the  vantage  of  its  summit  selects 
the  most  premising  course  for  the  next  stage  of  his  journey. 

One  of  the  most  important  obstacles  encountered  in  the  work 
of  the  society  arises  from  the  difficulty  of  making  observatioos 
at  a  distance  from  the  surface  of  the  earth.  A  thunderstorm 
involves  a  mass  of  air  of  very  considerable  vertical  dimension, 
and  the  idciilly  complete  system  of  stations  would  include  many 
more  points  in  mid>air  than  upon  the  ground.  Observations 
from  balloons,  though  within  the  range  of  possibility,  are 
limited  by  expense  and  danger,  and  would  moreover  be  con- 
ditioned by  uncertainty  as  to  location  at  all  points  within  the 
storm  cloud.  The  society  has  thus  far  attempted  only  ter- 
restrial stations,  but  it  endeavors  by  indirect  methods  to  learn 
something  of  what  is  takin^ic  place  at  greater  altitudes.  The 
wind  cannot  be  directly  observed  there,  but  floating  objects 
can,  and  observers  are  therefore  instructed  to  watch  the  motions 
and  observe  the  positions  of  clouds.  Temperature  and  mois- 
ture cannot  be  directly  measured,  but  advantage  is  taken  of  the 
fact  liiat  a  certain  combination  of  temperature  and  moisture 
i^nxluces  condensation,  so  that  the  boundary  of  a  cloud  is 
the  locus  of  a  certain  atmospheric  condition  which  is  a  joint 
function  of  temperature  and  moisture.  The  ct)n figuration  of 
the  storm  cloud  therefore  has  a  certain  value,  and  is  the  sub- 
ject oi  studv.  It  was  also  known  antecedently  that  as  the 
domain  of  saturation  advances  in  the  air,  the  resultant  cloud 
grows,  while  its  recession  is  characterized  by  the  dissipation  of 
the  cloud.  (Observers  are  therefore  instructed  to  record  cloud 
formation  and  cloud  dissipation. 

The  preliminaries  having  been  arranged,  observations  were 
made  during  the  summer  of  1885,  and  the  records  of  observation 
were  placed  in  the  hands  of  Professor  Davis  for  the  purpose  of 
whai  IS  variously  called  •*  reduction/'  or  **  working  up,"  or  **  di- 
gestion," or  **  discussion.''  What  he  did  was  to  classify  them  in 
various  ways,  and  observe  the  relations  brought  to  light  by  the 
classificaticMi.  But  before  he  made  a  classiUcation,  it  was  neces- 
SiU  V  to  select  its  basis.  The  particulars  of  observation  were 
numerous.  They  included  the  intensity  of  the  storm,  the  first 
thunder  heard  and  its  direction,  the  loudest  thunder  and  its 
direction,  lightning  strokes,  the  tirst  rain,  the  heaviest  ruin,  the 
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last  rain,  the  total  rainfall,  hail,  the  temperature  of  the  air,  the 
moiytare  of  the  air,  the  direction  of  the  wind,  the  force  of  wind, 
cload  form,  cloud  motion,  cloud  height,  cloud  growth,  and 
cloud  dissipation  ;  in  all  no  less  than  twenty  categories  of 
items,  and  each  item  connected  with  a  place  and  a  time.  The 
number  of  possible  arrangements  was  indefinitely  large.  Any 
one  of  these  particulars  might  be  assumed  as  basis  for  the 
classification  of  any  other  one;  or  two  might  be  assumed  as 
joint  basis,  or  finally  the  basis  of  classification  might  be  some 
very  different  phenomenon,  either  occurring  at  the  same  time, 
or  belonging  to  the  same  r^ion.  From  this  bewildering  array 
of  possibilities  it  was  necessary  to  make  a  selection,  and  there 
was  small  probability  that  i\  random  choice  would  lead  to  a 
profitable  result.  Considering  the  selection  or  rather  the  series 
of  selections  which  he  actually  made,  we  are  compelled  to  be- 
lieve that  they  were  not  accidentally  determined,  but  it  is 
E roper  that  I  should  admit  in  advance  that  the  considerations  I 
ave  assigned  are  chiefly  based  upon  my  own  inference,  rather 
than  his  statement. 

The  basis  of  the  first  classification  was  time,  but  this  was 
merely  a  stepping  stone  to  the  accomplishment  of  a  classifica- 
tion based  on  the  individual  storm.  It  was  known  or  postu- 
lated that  each  storm  was  so  shortlived  that  its  record  would 
be  comprised  in  a  single  day,  if  not  within  a  few  hours.  The 
reports  were  therefore  sorted  by  days,  and  then  examined  more 
closely  to  see  whether  the  storm  records  of  a  single  day  fell 
naturally  into  two  or  more  groups. 

The  next  classification  depended,  in  part  at  least,  on  the 
hypothesis  that  the  individual  storm  moves  bodily  across  the 
country.  Its  bases  were  time  and  place  jointly,  and  its  method 
was  graphic.  Place  was  introduced  by  the  employment 
of  a  map  of  the  district;  time  was  introduced  by  platting 
upon  this  map  certain  classes  of  data  with  reference  to  the  times 
of  their  occurrence.  By  this  classification  different  particulars 
of  observation  were  tested  as  to  their  value  in  determining  the 
bodily  motion  of  the  storm.  For  example,  there  was  marked 
upon  a  map  at  the  locality  of  each  observer's  station  the  time 
at  which  the  rain  of  the  particular  storm  began.  Then  lines 
were  drawn  connecting  points  characterized  by  the  same  time, 
or  more  precisely,  a  line  was  drawn  for  each  quarter  hour,  the 
l^ne  being  made  to  intersect  all  points  marked  with  its  particu- 
lar time,  and  being  interpolated  among  points  marked  with 
times  a  little  earlier  and  later.  The  result  was  a  system  of 
lines  representing  the  position  of  the  rain  front  at  equidistant 
times  (fig.  1).  The  lines  also  showed  the  form  of  the  rain 
front,  and  their  order  served  to  indicate  its  direction  and  rate 
of  progress  across  the  district,  while  the  space  they  collectively 
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covered  marked  oat  the  path  of  the  rainstorm.  When  th€ 
times  of  the  loadest  thander,  and  the  Umes  of  certain  other 
events  of  the  storm  had  been  similarly  tested,  a  comparison  of 
the  reealts  showed  that  the  observations  on  the  tiroes  of  first 
rain  prodaced  the  most  orderly  system  of  lines,  and  the  rain 
front  was  therefore  selected  as  one  of  the  bases  for  the  next 
classification. 

It  will  be  observed  that  the  second  classification,  by  place 
and  time,  was  saperposed  on  the  first  classification,  by  storms. 
The  third  classincation  was  likewise  saperposed  on  the  first, 
bat  not  on  the  second,  except  in  the  sense  that  it  ased  its 
resalts ;  that  is  to  say,  the  third  classification  was  applied  to 
the  individaal  storm,  and  sabstitated  new  bases  in  lien  of  place 
and  time.  These  bases,  which  may  be  called  the  horizontal 
axes  of  the  storm,  were  the  middle  path  and  the  rain  front. 
The  classification  was  once  more  graphic,  and  was  accomplished 
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Fig.  1.     Lines  of  srnchronous  rain-front,  storm  of  Joly  21,  1881. 


in  esseniially  the  following  manner.  A  straight  line  drawn  on 
a  sheet  of  paper  represented  for  any  and  every  instant  of  the 
history  of  the  storm,  the  portion  of  the  middle  line  of  its  path 
momentarily  included  in  the  siorm  area.  A  carved  line  trans- 
verse to  this  represented  with  its  proper  form  the  line  of  first 
rain  or  the  rain-front  (fig.  2V  Then  observations  of  thander, 
of  heaviest  rain,  of  temperature,  of  lightning  strokes,  etc.,  were 
platted  on  the  same  sheet,  the  position  of  each  observation  be- 
ing determined  by  measurement  from  the  axes.  Its  distance 
from  the  middle  path  axis  was  made  equal  to  its  distance  from 
that  path  on  the  map  showing  the  storm  track :  its  distance 
from  the  rain-front  axis  was  determined  by  a  computation 
baaed  on  the  velocity  of  the  storm  and  the  time  elapsed  before 
or  after  the  rain- front  passed  the  same  station.  If  for  a  given 
instant  of  time  a  chart  were  prepared,  showing,  in  their  proper 
pitoe  relations,  all  the  features  of  the  storm  observed  at  that 
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instant ;  if  similar  charts  were  prepared  for  all  other  instants  of 
the  storm's  life ;  and  if  these  were  superposed  on  each  other  so 
as  to  bring  common  features  together,  the  result  would  be  the 
same  as  by  the  process  just  described,  and  this  result  has  there* 
fore  been  compared  by  Davis  with  Galton's  photographic  over- 
printing and  aptly  called  a  "composite  portrait"  of  the  storm. 
This  composite  (of  which  my  diagram  is  a  mere  abstract)  was 
explained  and  illustrated  to  the  Society  at  its  Boston  meeting, 
and  you  will  recall  what  an  orderly  presentation  it  gave  of  the 
complex  congeries  of  phenomena.  Its  inspection  afforded  at 
once  to  the  investigator  a  large  body  of  generalizations  con- 
cerning the  individual  storm  and  of  hypotheses  concerning 
thunderstorms  in  general. 

If  now  we  examine  these  three  processes  of  classification  in 
their  relations  to  each  other  and  in  relation  to  the  purposes  of 
the  investigation,  I  think  we  shall  be  able  to  perceive  the  con- 
siderations which  led  to  their  employ ment     One  of  the  primary 


Fio.  2. — Composite  portrait  of  thunderstorm ;  arrows  and  the  number  of  their 
feathers  show  direction  and  force  of  wind.  T,  T,  observation  of  loudest  thunder. 
Straight  lines  mark  observations  on  the  width  of  rain  area. 

objects  of  the  research  was  the  determination  of  the  mechanism 
of  the  thunderstorm,  and  this  object  manifestly  required  the 
study  of  the  simultaneous  phenomena  of  the  storm.  The  first 
e£fort  in  classification  was  therefore  the  isolation  of  the  indi- 
vidual storm.  A  natural  second  step  would  have  been  the 
selection  of  some  moment  of  the  storm's  life  for  special  exam- 
ination, but  if  such  examination  was  attempted,  it  met  with  an 
obstacle  arising  from  the  fact  that  the  simultaneous  observations 
at  any  one  moment  were  so  few  as  to  be  quite  inadequate  to 
the  purpose.  The  analogy  of  other  investigations  suggested 
that  the  desired  result  might  be  accomplished  by  combining  the 
observations  on  the  individual  storm  without  reference  to  time 
or  place,  but  with  reference  to  some  central  feature  or  features 
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taie  KCflTXL  iae^i     Ii  ^aie  eve  of  CTdooie  storms  tbe  area  of 

it^£  used.  \%&  tarrestrial  meridian 
In  the  case  of  thandeiatorms 
bad  beeo  determined,  and  it 
e  occer  feataie  or  featares  to  serve 
?  z^xTTt^e.     Tde  seoood  cbanfication  was   therefore 
Iff  1  ^•«az2$  :  f  :  rereocBicz  a  practical  obstacle  to  the 
^cxxfr^zcs^umtzr,  x  n-^  iesired  cbanficatioa. 

Ti?*  rr^l  3.iarr  £jtK5:a«2oa.  or  more  exactly  groap  of  clas- 
Zs-.<:sL  :;&'ri:z  beec  i^ied  apoa.  its  particular  nature  was 
^:3»!*i  *7  ::>*  a^:aeei*n:  knowledge  that  thanderstorms 
atIt  31:1-*  icTDs  tie  coanirr,  and  bj  the  hypotheses  that 
?i**  ±r55  nil.  •;<-  li*  b*ay;«t  rain,  or  the  loadest  thunder,  or 
ft:*=:^  kcjcs  ie-ii.  :<e  erea;  might  be  foand  to  be  so  constant  in 
115  TiLi,':^<.  *^  izri  szorsi  a*  to  oonstitate  a  suitable  basis  for  the 

Tb^  ih^^^e  :-f  r«i.^5  in  clasification,  whether  it  belonged  to 
lie  crr^!iil  ili-  o:  the  isyestigation  or  was  devised  under  the 
s::=::i'  2$  of  a  i:9ciDye;>ed  obisiacle,  finds  its  analogues  not  only 
:r  yiz*"  r^seir^nes  bi:  in  other  departments  of  human  expe- 
rlecce.  T~-e  ^^larrrnian  who  wishes  to  oyerturn  a  heayy  block 
ii-se.ts  lis  bar  *:•?:: eain  it  whereyer  it  finds  a  creyice,  eyen 
tho-zh  :he  pr-irt  of  insertion  be  not  the  most  adyantageous  for 
b*5  rer-r:-.".  rTirrvrje.  Having  done  so,  he  lifts  until  there  is 
r:*::  •-  :  •  :  e  ^-rv-jr  a:  :•  e  coin:  of  vaniage,  and  then  shifts  his 
r«->  :  -'.  T  f  a!jeTA:s:  bv  i^jvmeditation  eliminates  from  his 
e::.:-.:  :i<  ....    *. .::  o^e  :f  ;r.e  quantities  whose  values  he  seeks, 

>:.e,  undertakes  with  its  aid  the 
rzir.al  or  intermediate  equations. 

I:  :  er.  ^  :r  ir.trrrre:a::or:>  are  correci,  the  bases  of  clasifica- 
tio:..  !:kr  ::.e  n-eiho-Js  'looservation, sprang  from  analogy  with 
oiher  r^rsca'o.es,  from  previous  knowledge  of  the  subject  in 
bar. -i,  a:.-:  :r  'in  'iyi^-'iheses  in  regaixi  to  the  results,  and  were 
cor:  it: one  :  vy  obstacles. 

As  already  remarked,  the  basis  of  classification  need  not 
itse!:  l^elonz  t'*  the  subject  under  investigation.  The  phenom- 
ena of  liie  Ne»v  Enii'.and  thunderstorms  maybe  compared  with 
res:  eor  to  distribution  in  time  with  anv  other  phenomerm  or 
events  occurring  in  the  same  time,  or  they  may  be  compared 
with  respect  to  distribution  in  place  with  any  feature  of  their 
district  Thus  it  is  entirely  possible  to  group  any  of  the  thun- 
derstorm phenomena  according  to  the  days  of  the  week,  or 
with  reference  to  the  daily  records  of  marriages  in  London,  or 
the  fluctuations  of  a  mininj?  stock,  or  the  success  of  the  Phila- 
delphia  base  ball  nine,  and  it  is  equally  possible  to  compare 
their  distribution  with  the  topographic  relief  of  the  country, 
with  the  density  of  population,  with  the  distribution  of  forests. 
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of  geologic  formation,  or  of  railroads  and  telegraph  lines. 
There  is  in  fact  no  limit  whatever  to  the  number  of  possible 
classifications  of  this  nature,  and  as  very  few  of  them  can  yield 
other  than  negative  results,  it  is  evident  that  the  investigator 
cannot  afford  to  take  them  at  random.  Some  criterion  of  dis- 
crinQination  is  necessary,  and  this  he  finds  in  the  employment  of 
hypotheses.  The  only  bases  of  classification  afroraing  him 
results  of  positive  value  are  the  phenomena  which  are  con- 
nected in  a  necessary  or  causative  way  with  the  phenomena 
under  investigation,  and  the  only  bases  he  can  afford  to  test  are 
those  which  hypothetically  have  such  connection.  If  he  enter- 
tains  the  hypothesis  for  example  that  arboreal  vegetation  indu- 
ces precipitation,  he  will  classify  the  rainfall  with  reference  to 
the  distribution  of  forests;  and  if  he  finds  a  general  corres- 
pondence but  suspects  that  it  may  be  deceptively  produced 
through  the  influence  of  altitude  on  both  rainfall  and  forest 
preservation,  then  he  will  also  classify  both  rainfall  and  the  dis- 
tribation  of  forests  with  respect  to  altitude.  If  he  entertains 
the  theory  that  the  moon  is  concerned  in  the  generation  of 
storms,  he  will  group  his  phenomena  according  to  the  phases 
of  the  moon. 

We  find  from  the  record  that  Prof.  Davis  employs  succes- 
sively two  external  bases  of  classification.  On  the  hypothesis 
that  solar  heat  is  directly  concerned  in  the  production  of  the 
storms,  he  groups  them  with  reference  to  the  hours  of  the  day, 
finding  a  well  marked  correspondence.  On  the  hypothesis  that 
the  conditions  of  their  occurrence  are  produced  by  the  more 
general  movements  of  the  atmosphere,  he  groups  them  with 
reference  to  cyclonic  storms  traversing  the  same  district,  and 
here  again  he  finds  a  correspondence.  In  each  case  the  corres- 
pondence is  of  such  nature  as  to  suggest  other  hypotheses  and 
lead  to  other  classifications. 

In  platting  the  data  conoerninff  rain-front  on  the  map  of  the 
district,  and  in  the  preparation  of  the  composite  portrait  of  the 
storm  Professor  Davis  employed  what  are  called  graphic  pro* 
;  and  the  general  graphic  method  to  which  these  pro- 
belong  is  of  such  importance  in  research  that  no  apology 
18  needed  for  devoting  the  remainder  of  my  time  to  its  consid- 
eration. 

It  is  a  familiar  principle  of  analytic  geometry  that  every 
equation  involving  two  variables  may,  through  a  process  of  con- 
struction, be  represented  by  a  line  on  a  plane  surface.  The 
values  of  the  two  variables  are  referred  each  to  an  axis,  or 
origin  of  distances,  and  each  pair  of  corresponding  values  de- 
termines the  position  of  a  point  The  line  drawn  through  or 
oonstituted  by  all  the  points  is  then  a  graphic  expression  of  the 
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equation.  It  h&s  many  of  the  properties  of  an  equation  and 
may  be  discussed  in  a  similar  manner. 

The  subsidiary  or  dependent  laws  deduced  algebraically  from 
the  written  equation  have  a  quantitative  definiteness  to  which 
the  platted  curve  can  aSbra  only  approximations,  but  the 
curve  yields  to  the  minds  of  mosf  men  a  clearer  conception  of 
the  nature  of  the  relation  of  the  two  variables  than  is  conveyed 
by  the  equation.  Its  advantage  is  that  it  appeals  to  the  eye, 
and  thus  brings  a  sense  impression  to  the  aid  of  the  imagina- 
tion. This  however  is  by  the  way,  for  the  application  of  the 
platted  curve  in  research  is  somewhat  different. 

When  the  investigator,  suspecting  that  two  phenomena  are 
mutually  related  in  a  constant  and  necessary  manner,  has  made 
a  series  of  observations  affording  him  simultaneous  quantitative 
values  of  the  phenomena,  there  are  open  to  him  two  general 
ways  for  the  classification  of  his  observations  and  the  drawing 
of  the  proper  inferences.  Pursuing  what  may  be  called  the 
written  or  mathematical  method,  he  writes  the  observed  quan- 
titative values  of  one  phenomenon  in  a  column  in  the  order  of 
their  magnitude,  and  the  corresponding  quantities  expressing 
the  other  phenomenon  in  a  parallel  column.  He  then  inspects 
the  numbers  of  the  second  column  to  see  whether  they  consti- 
tute a  series.  If  their  arrangement  is  quite  irregular,  he  infers 
that  the  two  phenomena  have  no  constant  relation ;  but  if  he 
detects  a  greater  or  less  amount  of  order  among  the  numbers, 
he  assumes  the  existence  of  a  law,  and  endeavors  to  ascertain 
its  nature  by  discovering  its  mathematical  expression.  He  first 
assumes  more  or  less  arbitrarily  or  hypoihetically  the  general 
form  of  the  equation  expressing  the  relation  of  the  phenomena, 
and  by  substituting  the  observational  values  successively  in  this 
formal  equation,  he  obtains  a  number  of  numerical  equations 
from  which  a  single  one  is  deduced  by  the  method  of  least 
squares.  The  resulting  formula  expresses  the  law  connecting 
the  phenomena  with  a  degree  of  precision  which  depends  on 
the  consistency  of  the  observations  ;  and  by  another  mathemat- 
ical process  he  can  obtain  a  numerical  expression  representing 
this  degree  of  precision.  The  two  expressions  will  enable  him 
for  any  given  value  of  one  variable  or  phenomenon  to  compute 
the  corresponding  value  of  the  other,  and  also  to  compute  the 
probable  error  of  this  value. 

If  on  the  other  hand  he  employs  the  graphic  method,  his 
procedure  is  ordinarily  as  follows:  Upon  a  sheet  of  cross- 
barred  paper  he  assumes  the  lines  running  in  one  direction  to 
represent  equidistant  values  of  one  of  the  observed  phenomena, 
and  the  lines  running  in  the  transverse  direction  to  represent 
equidistant  values  of  the  other  phenomenon.  The  scale  assigned 
upon   the  page   to  the  numerical  values  is  unessential,  and  is 
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adjusted  purely  to  considerations  of  convenience.  Then  for 
each  pair  of  sfmultaneous  values  of  the  phenomena  he  finds 
the  intersection  of  the  corresponding  lines  and  marks  the  point 
with  a  dot.  If  the  value  of  either  phenomenon  falls  between 
the  numbers  represented  by  two  adjacent  lines,  the  position  of 
the  dot  is  correspondingly  interpolated.  The  relations  of  the 
dots  to  each  other  are  then  considered  by  inspection.  If  they 
are  irregularly  scattered  over*  the  sheet,  the  absence  of  a  law  is 
inferred.  If  they  fall  in  line,  either  accurately  or  approxi- 
mately, the  existence  of  a  law  is  demonstrated.  In  that  case  a 
line  is  drawn  through  or  among  the  platted  points,  and  this 
line  is  an  expression  of  the  law  or  relation  sought  The  in- 
vestigator may  or  may  not  proceed  to  the  computation  of  the 
algebraic  equation.  As  a  rule  such  procedure  is  profitable  only 
when  the  platted  points  fall  well  in  line,  for  it  is  only  then  that 
the  proper  form  of  equation  can  be  selected  with  confidence, 
and  without  a  knowledge  of  that  form  extrapolation  is  hazard- 
ous. For  purposes  of  interpolation  the  free  hand  curve  drawn 
among  the  platted  points  is  practically  as  serviceable  as  the 
algebraic  equation. 

Ordinarily,  as  in  the  employment  of  section  paper,  the  lines 
used  to  represent  numerical  values  are  straight,  parallel  and 
equidistant,  and  the  two  sets  intersect  at  right  angles,  but  none 
ox  these  characters  are  essential  to  the  graphic  method.  The 
lines  may  be  curved,  they  may  converge,  their  interspaces  may 
follow  any  law  of  increase  or  decrease,  and  the  two  sets  may 
intersect  at  any  angle.  Nor  is  it.  essential  that  more  than 
one  line  of  each  set  be  drawn — indeed,  in  a  large  group  of 
practical  examples  even  these  are  omitted,  the  edges  of  the 
paper  standing  for  ihem.  The  graphic  notation  is  thus  highly 
elastic,  adjusting  itself  freely  to  the  convenience  of  the  investi- 
gator. 

It  is  equally  versatile  in  the  character  of  the  results  it  attains. 
Even  when  the  phenomena  do  not  practically  admit  of  algebraic 
expression,  and  no  representative  line  can  be  drawn  upon  the 
graphic  chart,  the  form  of  the  area  occupied  by  the  dots,  or 
some  other  feature  of  their  distribution  may  convey  a  meaning. 
If  one  in  ignorance  of  the  principle  of  the  psychrometer  should 
plat  upon  a  sheet  the  simultaneous  observations  with  a  dry  bulb 
thermometer  and  a  wet  bulb  thermometer,  representing  the  dry- 
bulb  readings  by  abscissas  and  the  wet-bulb  by  ordinates,  he 
would  find  that  the  group  of  determined  points  could  not  be 
connected  or  generalized  with  any  degree  of  approximation  by 
a  line,  but  if  the  number  of  his  observations  was  large,  he 
oould  not  fail  to  perceive  that  the  area  occupied  by  the  dots 
was  definitely  limited  above  by  a  diagonal  straight  line  passing 
through   the   points'  of  intersection  of  the  lines  representing 
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cc^^l    iet=ir«?^icres  oo   the  two  ihennometerB.      He   woald 

'.eg-.um&urlj   infer   that   the  vet  balh   temperature  is 

r  'i:^i«r  tljl:,  :he  iX):ncxdent  drr-balb  temperatare. 

rra«n.-n   X^.  3  i?  copied  from  one   prepared   by  Professor 

Call  ^o  :Ilc5m:e  the  relations  of  size  exhibited  by  certain  col- 

Lect::c5  oi  tse  siell  Htusoma  trivoivis*    The  ordinatei  repre- 

ct  le*rt:i5  it!  =i:'.l:z:etersw  the  abscissas,  which  have  the  same 

e.  reirese-t  breaii::ai :  each  circalar  dot  shows  the  length 

and   breadth,   and    thus 

_      stands  for,  an  adalt  in 

-    —  :^^ -    —  ■_ :     di vidaal   collected    from 

:         — : ::    a  small   lake  in    Utah; 

:zfc:r:     each   square  dot    repre- 

' sents  an  adalt  individual 

Tz: : :.~    collected  from  a  late  Qua- 

:i:.:.r::J    ternary   deposit    in    Ne- 

i:    rada.     Now  it  is  evident 

:    by  inspection  that  these 

;      *    dots  do   not  form  even 

tmdth  <rf  Bditoma    approximately  a  straight 

line,  and  we  therefore  in* 
fer  that  in  this  sr^ecies  the  length  does  not  bear  a  constant  ratio 
to  the  breadth.  It  is  farther  evident  that  the  area  covered  by 
the  circular  dots  is  qaite  distinct  from  that  covered  by  the 
square,  ar.i  :ha:  it  is  farther  from  the  origin.  The  modern 
sieciir.er.s  ;Are  liierefore  disiinoily  larger  ihan  the  fossil,  and 
t:-.s  .:  5ere:.oe  is,  for  the  two  localities  in  question,  of  a  constant 
na:.:re.  Thirdly,  each  group  of  dots  is  horizontally  elongate, 
the  /i :>:;\'.  er.i  of  the  group  being  slightly — and  only  slightly — 
h.iihvr  :har.  ihe  proximal,  and  from  this  we  learn  that  at  each 
li.x\i!'.:y  the  length  is  more  constant  than  the  breadth,  variation 
o:  s:je  beir.i:  c:.'e::v,  though  not  entirelv,  confined  to  the  lateral 
dimensio!..  Now  there  can  be  no  question  that  all  of  these 
results  niiiir.t  have  been  obtained  by  mathematical  methods, 
providevi  :hev  had  been  suspectetl  in  advance,  but  without  an- 
leoc  ict.t  rivi'v^iiiesis  thev  would  never  have  been  discovered, 
while  the  irraphie  niftho^l  furnishes  the  information  without 
the  aivi  «>:  lt'a«lir'i:  questions. 

T::is  e.\:i!iple  illustrates  also  a  second  and  higner  office  of 
the  irraphio  method,  for  it  essentiallv  involves  more  than  two 
variable  phenomena.  It  not  only  shows  the  relation  between 
the  length  and  the  breadth  oi  this  shell,  but  the  variation  of 
this  relation  with  geologic  horizon.  In  the  black  dot3  are  com- 
jnired  the  length  and  breadth  of  the  round  Hdisonia  trivolviSt 
in  the  square  dots   the  corresponding  dimensions  of  the  same 

♦  On  tho  Quatemrtrv  aud  recent  molliii«ca  of  the  Great  BaBin ;  by  R.  Ellsworth 
Call.     Hul.  No.  11.  rl  S.  Geol.  Survey.  PI.  Ill,  Diagram  IL 
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shell  from  the  geologic  deposit  The  two  relations  might  have 
been  exhibited  upon  separate  sheets,  but  as  they  are  relations 
between  siniilar  quantities,  we  can  by  employing  the  same  scale 
plat  them  upon  the  same  sheet,  and  thus  platted,  we  are  en- 
abled to  compare  them  with  each  other. 

It  is  a  general  principle  that  if  we  have  a  series  of  observa- 
tions showing  the  relations  of  phenomena  A  and  B  and  another 
series  showing  the  relations  of  A  and  C,  we  may  by  platting 
them  apon  the  same  sheet  and  employing  the  same  scale  in  the 
representation  of  the  values  of  the  common  phenomenon,  A, 
make  a  sort  of  comparison  between  B  and  C.  The  units  of 
measurement  for  B  and  G  may  be  of  different  kinds,  and  even 
'  if  of  the  same  kind,  may  be  of  different  orders  of  magnitude, 
and  it  is  not  ordinarily  necessary  to  establish  any  correspon- 
dence in  their  scales.  Neitner  is  it  necessary  that  the  zeros  of 
their  seales  have  the  same  position. 

In  this  manner  Professor  Loomis  has  compared  the  mean 
daily  range  of  the  magnetic  declination  with  the  relative  extent 
of  dark  spots  on  the  surface  of  the  sun  by  the  aid  of  their  com- 
mon relation  to  time  ;*  that  is  to  say,  using  time  for  his  scale 
of  abscissas  and  the  relative  extent  of  spots  as  a  scale  of  ordi- 
nates,  he  has  platted  a  curve  showing  tne  relation  of  spot  ex- 
tent to  time.  Then  upon  the  same  sheet  and  with  the  same 
scale  of  abscissas  he  has  platted  a  curve  in  which  the  ordinates 
represent  the  daily  range  of  magnetic  declination.  The  second 
carve  shows  the  relation  of  magnetic  declination  to  time,  and 
the  two  curves  exhibit  to  the  eye  whatever  correspondence  or 
discordance  there  may  be  between  the  time  relation  of  the  mag- 
netic declination,  and  the  time  relation  of  the  extent  of  sun- 
spots.  Again  he  has  made  the  ordinates  represent  frequency 
of  auroral  displays,  and  has  thus  produced  a  curve  showing  the 
relation  of  auroral  frequency  to  lime,  and  this  curve  he  is  able 
to  compare  with  each  of  the  others.  There  is  indeed  no  limit 
to  the  number  of  relations  which  may  be  compared  in  this  way, 
provided  only  that  one  system  of  coordinates,  either  abscissas 
or  ordinates,  remains  unchanged  in  meaning  and  scale.  Mr. 
Schott  in  his  discussion  of  the  temperatures  of  the  United 
States  has  compared  the  sun-spot  curve  with  four  curves  repre- 
senting secular  changes  of  temperature  at  as  many  stations,  the 
abscissas  representing  the  dommon  factor  time,  and  the  ordi- 
nates standing  for  temperatures  in  the  case  of  four  of  the 
curves,  and  for  relative  frequency  in  the  case  of  the  other.f 

♦  This  Jouroal.  TIT,  vol.  v,  p.  346. 

f  Tables,  distribution,  and  variations  of  the  atmospheric  temperature  in  the 
IlDited  States,  etc.;  by  Charles  A.  Schott.  Smithsonian  Contributions.  Plate 
iMingp.  310. 
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Looking  at  these  cttrres 
from  the  algebraic  Btand- 
poiot,  we  see  that  they  do 
Tiot  correspond  to  a  siogle 
equation  between  three  or 
more  variables,  but  to  a 
group  of  eqtiBtioDs  with 
one  variable  in  commoD, 
and  with  one  other  varia- 
ble in  each  equation.  If 
we  combine  two  oE  the 
^1  equations  or  curves  in  such 
way  as  to  eliminate  the 
common  variable,  we  ob- 
tain an  equation  or  cnrve 
showing  the  relatioD  be- 
tween the  two  other  varia- 
bles. It  is  freauently  ad- 
vantageous to  ao  thiS;  but 

■  Ei,n  .      . i„  „r B  ~  ~^  not  afways:  and  it  is  not 

^  IriO.  *. — J,  number  ol  auroras,     a,  range         ,.        .jJ    ', 

of  magnetic  aedinallon.     C,  relativB  extent  ordinarilv  advantageous  tO 

of  spots  on  the  surface  of  the  sun.  do    it    when    the    cOIDinOII 

variable  is  time.    I  haw 
copied  in  fig.  4  a  portion  of  Professor  Loomis'  curves,  and  it  is 

evident  by  inspection  that  there  is  a  marked  correspondence 
between  the  maxima  and  minima  of  the  three  curves.  I  have 
also  combined  the  data  employed  in  the  construction  of  the 
upper  curve  {auroral  frequency)  and  the  lower  curve  (extent  of 
sun-spots)  in  such  way  as  to  eliminate  the  common  element  of 
time,  that  is  to  say,  I  have  {in  fig.  5)  platted  for  each  year  the 
relation  of  auroral  display  to  extent 
'  .         of   sun-spots,   the   ordinates   repre- 

senting frequency  of  auroras,  the 
abscissas  the  extent  of  solar  spot' 
ling.  It  would  hardl3'  be  suspected 
from  the  arrangement  of  these  dots 
that  the  two  phenomena  are  in  ac- 
cord.* Looking  again  at  fig.  4,  ** 
see  that  while  the  minima  of  the 
upper  curve  correspond  very  closel/ 
with  the  minima  of  the  lower,  the 
maxima  lie  farther  to  the  right  1' 
the  phenomena  are  really  connected 
in  a  causal  way,  it  would  seem  thst 
the  auroras  are  the  effect,  and  lb*' 
they  are  broughtabout  by  some  chain  of  causation  involving  time. 

(ial,  aliDuld 
g  ofcwrrti* 
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The  next  higher  division  of  the  graphic  method  is  homol- 
^ous  with  the  algebraic  equation  containing  three  unknown 
[uantities,  and  is  employed  in  the  discussion  of  a  phenomenon 
vith  reference  to  its  simultaneous  relations  to  two  other  phe- 
lomena.  If  in  an  equation  between  three  variables  we  make 
me  of  the  variables  successively  equal  to  0,  1,  2,  3,  eta,  we 
>btain  a  series  of  equations  between  the  remaining  two  varia- 
)les.  Each  of  these  equations  is  the  equivalent  of  a  curve, 
md  we  may  plat  the  equivalent  curves  upon  the  same  sheet  of 
)aper,  referring  them  to  the  same  coordinate  axes.  They  con- 
ititute  a  sjstem,  and  they  collectively  express,  in  connection 
leith  the  other  systems  of  lines  on  the  paper,  the  original  equa- 
iion  between  three  variables.  If  the  sheet  upon  which  they 
ire  platted  is  ordinary  engineer's  section  paper,  then  we  may 
lay  that  the  vertical  lines  of  «the  paper  represent  equidistant 
iralues  of  one  variable,  the  horizontal  lines  equidistant  values 
)f  a  second,  and  the  system  of  curves  equidistant  values  of  the 
^hird.  Definite  values  being  assigned  to  either  two  of  the 
variables,  the  corresponding  value  of  the  third  may  be  found 
by  inspection.  This  principle  is  extensively  applied  in  abridg- 
ing the  labor  of  computation  where  a  large  number  of  results 
ire  to  be  derived  by  means  of  the  same  formula. 

It  is  possible  that  the  nature  of  this  system  of  curves  will  be 
nore  clearly  apprehended  if  we  approach  it  by  a  route  involv- 
ng  more  of  geometry  and  less  of  algebra.  An  equation  between 
;hree  variables  is  the  algebraic  equivalent  of  a  surface,  either 
^lane  or  curved.  Let  us  think  of  such  a  surface  as  forming  the 
meven  top  of  a  solid  body  whose  base  is  fiat  and  square,  and 
Tfhose  sides  are  vertical.  Horizontal  distances  along  the  sides 
n  one  direction  correspond  to  values  of  one  variable,  and  in 
;be  transverse  direction  to  those  of  another,  while  vertical  dis- 
tances correspond  to  values  of  the  third.  Now  intersect  the 
solid  by  a  system  of  horizontal  planes,  each  one  at  a  height 
ibove  the  base  determined  by  an  integral  value  of  the  third 
variable.  Each  plane  will  cut  the  upper  surface  in  a  different 
3arved  line,  and  each  of  these  lines  will  be  a  contour  of  the 
surface.  Now  move  all  these  lines  vertically  downward  to  the 
basal  plane,  and  there  is  formed  on  that  plane  a  contour  map  of 
the  upper  surface  of  the  solid.  This  contour  map  is  identical 
with  the  system  of  curves  obtained  through  the  algebraic  ma- 
nipulation of  the  equation.  The  relation  between  the  three 
variables  has  thus  three  separate  but  equivalent  expressions 

[from  a  certain  system  of  stations)  in  a  single  year.  In  fig.  4,  curve  A,  each  ordi- 
nate represents  the  mean  of  the  numbers  observed  in  three  consecutive  years. 
That  is  to  say.  Professor  Loomis  *'  smoothed "  the  curve  by  a  process  making 
each  ordinate  an  equal  function  of  the  observations  of  the  corresponding  year, 
the  preceding  year  and  the  following  year,  while  I  employed  the  unai^usted  data 
of  observation. 
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besides  its  verbal  statement.  It  is  expressed  by  the  equation, 
bj  the  curved  surface,  and  by  the  system  of  plane  curves,  or 
the  projection  on  a  plane  of  the  contours  of  the  curved  surface. 

The  allied  process  in  the  conduct  of  research  is  as  follows: 
Upon   a  sheet   of  paper  two  systems   of  lines   representing 
equidistant  values  of  two  variable  phenomena  are  drawn  or 
conceived  to  be  drawn.     Points  representing  observations  are 
then  added,  their  positions  with  reference  to  the  two  systems 
of  lines  being  made  to  indicate  the  quantitative  observations  of 
the  two  phenomena,  and   figures,  or  other  equivalent  notation, 
being  employed    to   indicate    the    simultaneous    qjiantiUitive 
observations  of  the  third  phenomenon.     Lines  are  then  drawn 
connecting  those  dots  which  bear  the  same  figures,  and  it  is 
arranged,  oy  the  aid  of  interpolation,  that  these  lines  represent 
equidistant  values  of  the  third  Variable.     The  chart  thus  pre* 
pared  shows  by  inspection  the  relations  of  the  third  phenome- 
non to  the  other  two.     The  isobars  on  our  weather  maps  are  of 
this  nature.     Space  in  two  of  its  dimensions  constitute  in  this 
case  two  of  the  variables;  we  may  say  for  convenience  that  one 
variable  is  latitude  and  the  other  longitude.     The  third  varia- 
ble is  barometric  pressure.     The  lines  representing  meridians  <j 
and  parallels  may  or  may  not  be  drawn  upon  the  map,  and  if^ 
they  are  drawn,  their  character,  as  straight  or  curved,  will  de — 
pend  upon  the  nature  of  the  projection  of  the  map.     Another^ 
illustration  is  found  in  Davis's  raiii-front  map,  (fig.  1.) 

It  will  be  convenient  to  have  distinctive   terms  for  the  line 
corresponding  to  two  variables  and  for  the  system  of  lines  coi — 
res[X)nding  to  three,  and  I  venture  to  propose  for  the  first  th^ 
name  jwmogram,  or  line  representing  a  law,  and  for  the  seconc? 
isogram,  a  title  connecting  it  with  iis   familiar  examples  in  the 
isobaric,  the  isothermal  and  the  isohyetal  curves. 

Isotrrams  admit  of  combination  in  the  same  manner  as  nomo- 
grams,  but  in  their  ea.^e  it  is  essential  that  two  of  the  variables 
be  common  to  all.  U|»on  our  daily  weather  maps  the  isobars 
and  isotherms  are  both  platted  with  reference  to  latitude  and 
longitude,  and  we  are  thus  enabled  to  compare  in  a  direct  and 
simple  manner  the  areal  phenomena  of  temperature  with  the 
areal  phenomena  of  pressure.  The  weather  map  is  the  logical 
equivalent  of  two  equations,  each  including  three  variables,  the 
equations  agreeing  in  iwo  variables  and  difiering  in  a  third. 

The  general  case  of  an  equation  of  four  variables  has  not  yet 
found  graphic  expression,  although  some  special  formula?  with 
four  or  even  five  variables  have  been  reduced  to  graphic  form 
for  the  purposes  of  the  computer. 

I  am  not  aware  that  the  gra[)hic  method  has  been  used  in  re- 
search to  express  a  relation  involving  more  than  three  inde- 
pendent variables.     In  an  investigation  by  Prof.  Thurston  into 
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the  comparative  strength  of  the  different  members  of  a  certain 
^op  CI  alloys,  he  has  platted  the. strength  by  means  of  an 
isogram  whose  points  are  fixed  by  three  coordinate  lines,  each 
representing  the  ratio  in  which  an  ingredient  enters  into  the 
alloy.*  Bat  the  ratios  of  the  three  ingredients  are  not  inde- 
pendent variables,  since  any  two  being  known,  the  third  may 
be  determined.  His  method  of  platting  employs  three  coordi- 
nate axes  arranged  in  the  form  of  an  equilateral  triangle,  but 
one  is  redundant;  the  same  result  would  be  attained  if  the 
ratio  of  one  ingredient  were  ignored  and  the  ratios  of  the  other 
two  were  referred  to  two  coordinate  axes  intersecting  at  an 
angle  of  sixty  degrees.  I  would  not  be  understood  to  criticize 
this  method  of  projection  unfavorably — it  is  a  singularly  happy 
Captation  of  a  generaLmethod  to  a  special  case  ;  I  merely  claim 
it  as  essentially  a  normal  isogram.  It  may  be  added  that  in 
;he  general  theory  of  projection  by  trilinear  coordinates  the 
redundancy  of  one  set  of  coordinates  is  recognized  by  mathe- 
dnaticians. 

Prof.  Davis's  composite  portrait  (fig.  2)  is  the  rational  equiva- 
lent of  a  group  of  equations,  each  containing  three  variables, 
and  all  agreeing  in  two  variables  which  they  hold  in  common. 
It  differs  from  the  normal  isogram  in  that  the  lines  representing 
the  third  variables  of  the  several  equations  are  undrawn.  One 
of  the  common  variables  is  distance  from  the  middle  path  of 
the  storm,  the  other  is  diptince  from  the  line  of  rain-front;  the 
remaining  variables,  which  are  severally  functions  of  these  two, 
are  the  phenomena  of  wind,  temperature,  thunder,  lightning 
stroke,  etc. 

I'he  composite  photograph  devised  by  Galton  also  finds  place 
here.  In  his  method  a  number  of  pictures,  over-printed  on  the 
same  sheet  of  paper,  have  two  points  in  common.  This  is 
equivalent  to  giving  them  the  same  origin  of  coordinates,  the 
same  directions  of  coordinate  axes,  and  the  same  scale. 

There  is  also  a  type  of  graphics  bearing  the  same  relation  to 
the  isogram  that  Prof.  CalUs  group  of  points  bears  to  the  nomo- 
gram. It  is  illustrated  by  charts  of  geographic  distribution  in 
which  the  data  platted  either  do  not  admit  of,  or  are  not  sub- 
jected to,  quantitative  gradation.  Of  this  nature  is  a  chart 
showing  the  positions  of  the  volcanoes  of  the  world. 

The  graphic  processes  thus  outlined  and  classified  constitute 
essentially  the  graphic  method  as  employed  in  research,  but 
there  are  numberless  details  and  devices,  having  the  general 
nature  of  short  cuts,  in  the  invention  of  which  any  one  will  be- 
come  fertile  who  makes  extensive  use  of  the  general   method. 

^  The  strongest  of  the  bronzes,  a  newly  discovered  alloy  of  maximum  strength. 
By  Robert  H.  Thurston.  In  Rept.  U.  S.  Board  appointed  to  test  iron,  steel  and 
o&er  metals.    Vol.  ii,  p.  133. 
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YoT  example,  in  describiDg  Pro£  DaTis*s  preparation  of  the 
cozipoeite  portrait,  I  have  represented  him  as  computing  cer- 
tain distances  from  knowledge  of  the  corresponding  times; 
bnt  in  point  of  fact  he  saved  himself  that  labor  by  a  very  sim- 
ple graphic  expedienL  The  velocity  of  the  storm  being  ap- 
proximately nniform.  distances  in  the  direction  of  motion  were 
proportional  to  times  :  and  as  distances  on  the  composite  were 
proportional  to  distances  on  the  ground,  thev  were  likewise 
proportional  to  times.  He  therefore  graduatccl  a  time  scale  on 
a  strip  of  paper.  laid  it  on  the  composite  sheet  parallel  to  the 
storm-tracK  axis  and  at  the  distance  corresponding  to  a  partica- 
lar  station,  slid  it  along  until  the  graduation  for  the  time  of 
first  rain  at  that  station  was  over  the  rain-front  axis,  and  thea 
marked  on  the  composite  opposite  the  proper  time  graduations 
all  the  other  observations  made  at  that  station. 

Another  of  these  special  devices  it  has  fallen  in  my  own  way 
to  employ,  and  I  will  take  the  liberty  to  describe  it,  for  while 
its  field  of  application  is  narrow,  it  wj>  found  exceedingly  use- 
ful within  that  field.  Whether  it  is  novel,  I  am  not  informed. 
It  is  a  method  of  graphic  integration  allied  in  principle  to  the 
algebraic  process  known  as  mechanical  quadrature. 

Of  the  manv  variations  to  which  the  pressure  of  the  atmos- 
phere  upon  the  barometer  is  subject,  there  is  one  having  a  daily 
period.     Early  in  the  morning  the  barometer  rises,  then  during 
the  r.iidJle  o!"  the  'lay  it  falls,  reaching  a  minimam  in  the  after- 
nix»!:,  iivA   there  follow  during  the  night  one  or  more  minor 
unviulations.     This  osoillation  was  recognized  long  ago,  and  it 
is  the  -ubjeet  of  an  extensive  literature,  and   manv  theories 
have  been   framed   to  explain  it.     One  of  these,  proposed  by 
Espy.*  appeared  to  me  so  plausible  as  well  ijs  simple  that  1 
underiCHr'k  sv^'ine  years  ago  to  test  it.     The  theory  is  this  :  Dur- 
incr  the  day  the  atmosphere,   being  wanned  by  the  sun,  is  ex- 
panded and  made  to  occupy  greater  space.     Every  stratum  ex- 
cept the  lowest  is  thus  moved  upward,  and  as  the  air  is  endowed 
with   mass,  time  is  consumed  in  nutting  it  in   motion.     While 
the  expansive  force  is  acting,  and  so  long  as   fully  equivalent 
motion  has  not   been    produced,  there  is  a  reaction  downward, 
causing  a  rise  of  the  barometer.     Conversely,  when  the  rate  of 
healing   or    the    rale   of   expansion    diminishes,    the    upward 
momentum  of  the  air  produces  the  reverse  effect,  a  defect  of 
pressure  on  the  barometer.     The  addition  to  the  normal  pres- 
sure of  the  barometer  is  greatest,  not  in  the  afternoon  when  the 
temperature  of  the  air  is  highest,  nor  yet  at  noon  when   the 
heating  of  the  air  is  most   rapid,  but  in  the  morning  when  the 
increment  to  the  rate  of  heating  is  greatest.     Now  the  momen- 

♦  Fourth  Meteorological  Report.     Foot  note  to  p.  11. 
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'  rate  of  heating  is  tfae  differential  of  the  temperature,  and 

momentary  increment  to  the  rate  of  beating  is  the  diRer- 
lal  of  the   rate  of  the  heating,  or  the  second    differential 
;be    temperature.     If  then    the    variation    of    pressure    is 
ponional  to  the  increment  of  the  rate  oF 
ting,  it  is  also  proportional   lo  tbe  second 
Brential  of  the  temperature;  and  an  equa- 
1  or  curve  expressing  the  law  of  the  diur- 

oscillation  of  pressure  should  by  a  dou- 

integration  yield  the  equation  or  curve 
>ressing  tbe  law  of  the  diurnal  oscillation 
temperature.  This  being  tbe  theory,  I 
ght  to  test  it  by  twice  integrating  an  ex- 
ision  for  the  observed  law  of  pressure 
nge. 

i'hinking  to  diminish  tbe  disturbing  effect 
local  conditional  I  combined  for  my  test 
ervations  made  at  San  Francisco  and  Gir- 

College.      To   avoid    complication   from 

annual  variation  in  the  character  of  tbe 
rnal  oscillation,  I  used  only  tbe  observa- 
18  for  the  equinoctial  rr;onths  of  March 
September,  Making  the  combinat'on  * 
giving  it  graphic  expression,  there  re- 
«d  tbe  curve  shown  in  figure  6.  This 
ve  I  undertook  to  integrate,  and  wishing 
ivoid  the  labor  of  converting  it  into  ap 
ation,  I  devised  a  graphic  method  of  per- 
ning  '  the  operation.  It  is  evident  that, 
irding  the  curve  as  an  equation,  the  area 
tained  between  any  two  of  its  ordinates  is 
definite  integral  beween  tbe  limiting  val- 
represented  by  the  corresponding  abscissas. 
cross  section  paper  it  is  easy  to  estimate  such 
irea  by  the  counting  of  equares.  Selecting 
nty-four  equidistant  ordinates  I  ascertained  lo 

definite  integrals  contained  between  the 
:  of  these  and  each  of  the  others  severally, 

this  gave  me  twenty-four  equidistant  val- 
of  the  integrated  function.     Assuming  an 
Itrary  scale,  I  platted  them  as  the  ordinates 
;he  integrated  curve,  obtnining  figure  7  as  the  result.     A 
itition  of  the  process  produced  tbe  curve  in  figure  8,  which, 
.he  theory  was  correct,  should  express  the  diurnal  variation 
be  temperature  of  the  atmosphere.     It  has  tbe  general  form 

temperature  curve,  but  its  maximum  is  several  hours  later 
3  the  maxima  shown  by  the  observationa  at  San  Francisco 

Philadelphia. 
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This  difference  appeared  to  be  susceptible  of  explanation, 
for  the  part  of  the  atmosphere  heated  most  rapidly  is  that  in 
contact  with  the  earth,  and  in  the  later  part  of  the  day  the 
lower  strata  become  so  much  warmer  than  the  upper  that  a 
vertical  circulation  is  produced,  whereby  cooler  air  is  brought 
down  and  the  rise  of  temperature  near  the  ground  somewhat 
checked.  Thermometric  observations  near  the  ground  there- 
fore fail  to  exhibit  the  variations  in  the  amount  of  heat  con- 
tained in  the  atmospheric  column  as  a  whole. 

To  escape  this  difficulty  I  tried  to  discover  the  temperature 
of  the  air  column  as  a  joint  function  of  insolation  and  radia- 
tion. Radiation  to  space  was  assumed  to  be  at  a  constant  rate. 
The  rate  of  heating  by  the  sun  was  assumed  to  be  propor- 
tional to  the  sine  of  the  angular  height  of  the  sun  above  the 
horizon.  On  these  postulates  the  law  of  temperature  incre- 
ment for  the  equinoctial  day  in  the  latitude  of  Philadelphia  is 
expressed  by  the  curve  in  figure  9.  Integrating  this,  I  obtained 
as  the  diurnal  law  of  temperature  variation  tjie  curve  in  figure 
10.  This  curve  resembles  very  closely  the  one  obtained  from 
the  curve  of  barometric  oscillation  (8),  differing  by  less  than  an 
hour  in  the  epochs  of  maximum  and  minimum.  The  theoretic 
curve  of  temperature  increment  (9)  moreover  possesses  a  gen- 
eral resemblance  to  that  derived  by  one  integration  from  the 
barometric  curve  (7). 

If  no  other  test  had  been  possible,  I  should  have  regarded 
the  hypothesis  as  well  sustained,  but  unfortunately  for  it  there 
are  wiuely  differejit  types  of  barometric  oscillation  in  different 
parts  of  the  work!,  and  when  the  same  integration  was  applied 
to  curves  of  other  types,  the  results  were  lonnd  to  have  little 
or  no  resemblance  to  temperature  curves.  I  was  compelled 
therefore  to  believe  that  either  the  theory  or  the  method  of 
testing  it  was  inadequate;  and  I  may  add  that  I  have  since 
satisfied  myself  by  independent  reasoning  that  the  relation  of 
:the  temperature  oscillation  to  the  pressure  oscillation  is  less 
simple  than  the  one  suggested  by  Espy. 

I  have  pursued  the  subject  farther  than  was  warranted  by  its 
use  in  illustration  of  graphic  metl.od,  and  I  have  done  this  for 
the  sake  of  a  moral,  with  which  I  will  close.  The  sun  is  the 
creator  of  the  day.  By  alternately  givinof  and  withholding  his 
light  and  heat  he  brings  to  pass  an  infinite  series  of  events 
which  agree  in  having  a  diurnal  period  of  wax  and  wane. 
Were  we  to  ascertain  the  quantitative  elements  in  these  cycles 
of  events,  and  picture  them  by  curves,  it  is  to  be  anticipated 
that  these  curves,  representing  as  they  would  a  series  of  func- 
tions of  the  same  periodic  flux,  would  include  a  large  number 
of  close  coincidences.  For  this  reason  the  test  I  applied, 
though  by  no  means  a  waste  of  energy,  could  not  by  itself 
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demonstrate  the  assumed  dependence  of  pressure  on  tempera- 
ture. The  pressure  and  temperature  cycles,  belonging  both  to 
the  diurnal  family  of  the  sun,  might  perhaps  trace  their  rela- 
tionship to  their  common  ancestor  througn  separate  lines  of 
descent  and  neither  acknowledge  the  other  as  parent.  It  is 
unsafe  to  infer  because  two  currents  have  a  common  rhythm 
that  one  has  borrowed  it  from  the  other;  it  is  always  possible 
that  they  flow  by  independent  courses  from  a  common  source. 


Art.  XLVI. — Oeology  of  the  Rainy  Lake  Region^  with  remarks 
on  the  classification  of  the  Crystalline  Bocks  west  of  Lake  Supe- 
rior,    Preliminary  note ;  by  Andrew  C  Lawson. 

In  the  Bainy  Lake  Begion  there  can  be  distinguished  five 
groups  of  rock  formations  which  are  geologically  distinct  from 
one  another.  The  petrographical  characters  of  each  group  are 
peculiar  to  itself  to  a  great  degree ;  so  that  a  scheme  of  classifi- 
cation which  takes  into  account  only  those  conditions  of  mu- 
tual relationship,  as  observed  in  the  field,  that  serve  to  dis- 
tinguish the  difterent  groups  with  respect  to  their  stratigraphical 
position,  age  and  genesis  is  at  the  same  time  probably  the  best 
that  could  be  adopted  for  considering  systefnatically  the  purely 
petrographical  characters  of  the  rocks  of  this  field  by  laboratory 
methods.  The  rocks  comprised  in  the  first  of  these  groups  may  be 
arranged  in  the  following  scheme  in  which  Rosenbusch's  nom- 
enclature is  employed  for  the  non-foliated  varieties.  With 
regard  to  the  foliated  varieties  it  will  be  observed  that  the 
word  "  gneiss  "  is  used  simply  with  reference  to  the  structure 
of  the  rock  independently  of  its  mineral  composition. 

Type.  Non-Foliated.  Foliated.  Texture. 

Granite,       \  Granitite.'"^*  \  Granite-gneiss.  )  Medium  grained, 

(quartzoee).  (  Amphiboie  Granite.    Amphibole-granite-gneiss.     )  °^  ^°*  grained. 

(Hornblende  syenite.  Homblende-syenite-gneiss. 
Mica  syenite.  Mica-syenite-gneiss. 

Augite  syenite.         Augite-sjenite-gneiss. 
present). 

The  rocks  classified  thus  under  two  main  types,  the  granitic 
and  thesyenitic,  cannot  as  yet  be  separated  in  the  field  in  such 
a  way  as  to  afford  a  definite  suggestion  as  to  their  mutual 
geological  relations.  Geographically  it  is  frequently  possible 
to  map  off  the  quartzose,  usually  finer  grained  :  rocks  included 
in  the  two  parallel  series  of  the  granitic  type  from  the  very 
slightly   quartzose,   coarse-grained  members    of  the    syenitic 


Usually  very 
coarse  grained  and 
>  in  mioiceous  vari- 
ties  of  porphyrilic 
aspect. 
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trpe.  Bat  what  this  geographical  separation  means,  whether 
the  one  is  earlier  or  later  than,  above  or  below,  the  other,  or 
what  other  geognostical  relation  exists  between  thenu  either  in 
space  or  in  time,  the  meagre  amount  of  field  work  that  has  jet 
been  done,  relatively  to  the  magnitude  of  the  units  with  which 
we  have  to  deal,  leaves  still  an  unsettled  question.  Such  feeble 
suggestions  of  possible  relations  as  have  been  received  will  be 
set  forth  in  another  place. 

The  granites  and  the  foliated  rocks  of  similar  composition  and 
habit,  which  are  classed  with  them  in  parallel  series,  are  gen- 
etieally  the  same,  the  latter  owing  their  distinctive  characters 
to  a  differentiation  in  structure  due  to  the  influence  of  certain 
conditions  atfecting  portions  of  a  more  or   less  homogeneous 
magmatic  mass  at  the  time  of  its  solidification.     The  field  evi- 
dence  establishing   the  common   genesis  of  the   granite  and 
gneiss  is  so  strong  that  there  is  no  room  for  doubt  in  the  mat- 
ter to  one  who.  has  carefully  studied  their  occurrence  in  nature; 
It   is   of   course   possible   for   geologists   who   are  wedded  to 
extreme  metamorphic  views  to  regard  these  rocks,  even  grant- 
ing their  sometime  magmatic  condition,  as  fused  sedimentary 
strata ;  and  they  are  at  perfect   liberty  to  do  so,  but  so  far  as 
evidence  goes  the  supposition  is  purely  gratuitous  and  cannot 
in  the  absence  of  facts  to  support  it  be  entertainted  as  a  very 
probable  hypothesis.     The  evidence  in  favor  of  such  a  supposi- 
tion is,  so  far  as  can  be  gathered  from  a  study  of  the  region 
untler   consideration,  very  speculative.     What    is  said  of  the 
crranites  an«l  irranite  trneisses  is  also  true  of  the  svenites  and  their 
foliate*!    varieties.     The   identity    and    igneous    origin  of  the 
foliated  and  non-foliated  series  is  shown  by  (1)  the  direct  trace- 
able passage  from  the  granitic  to  the  gneissic  phase  in  a  rock 
mass  which  nuist  be  regarded  as  a  geological  unit ;  (2)  by  the 
identical  nature  of    their   contact    relations  to  other  series  of 
rocks  to  be  mentioned,  viz:    the  igneous,  brecciated    nature  of 
the  contact,  the  gneiss  or  granite  holding  angular  fragments  of 
the  rock  through  which  it  breaks,  and  sending  apophyses  into 
it,  which,  where  the   rock  is  iineissic  are  often  distinctly  foli- 
ated :  (3)  the  identity,  as  revealed  by  the  microscope,  of  the  min- 
eral composition  and  structure  of    two    varieties  of  the  same 
mass. 

This  group  of  crystalline  rocks,  granites  and  syenites,  foh* 
ated  and  nonfoliated,  forms  the  floor  of  the  region  upon  which 
rest  all  other  formations  that  are  not  in  the  condition  of  dykes 
or  intrusive  bosses.  Regarded  as  a  geological  system  of  rocks 
it  occupies  an  apparently  paradoxical  and  anomalous  place  m 
any  scheme  of  classification.  As  the  floor  or  basis  upon  which 
the  geological  column  of  stratiform  rocks  rests  it  must  be 
regarded  as  the  first  or  fundamental  system  of  rocks  of  which 
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^e  have  any  cognizance.  If,  however,  we  inquire  as  to  the 
ge  of  these  rocks  we  are  forced  by  the  direct  application  of 
be  simplest  principles  of  geological  science  to  look  upon  them 
B  of  later  age  than  certain  of  the  series  which  overlie  them. 
Vc  do  not  yet  know  their  original  condition  prior  to  the  fusion 
rom  which  they  solidified  into  granites,  syenites  and  gneisses. 
i'hey  may  have  been  sedimentary ;  they  may  have  been  the 
riginal  crust  of  the  earth.  The  abstract  speculations  that  are 
o  often  indulged  in  on  this  and  similar  questions  have  not 
ecided  the  facts  of  the  matter.  There  is  as  yet  no  suflBcient 
[round  for  a  just  opinion  upon  it.  But  whatever  may  have 
>een  that  original  condition  the  evidence  is  clear  on  this  point, 
'iz:  that  the  fusion  and  solidification,  whereby  they  were 
wrought  into  their  present  condition  as  firm  crystalline  rocks, 
ook  place  at  a  period  subsequent  to  the  existence,  in  a  hard, 
)rittle  condition,  of  the  stratiform  and  often  very  distinctly 
ilastic  rocks  which  occupy  a  higher  place  in  the  column. 
Pherefore,  as  rocks,  the  members  of  this  fundamental  system 
ire  of  younger  age  than  that  of  the  nearest  overlying  forma- 
ions.  An  analogous  case  with  which  every  geologist  is 
amiliar  is  that  of  dykes.  These  are  of  younger  age  than  the 
itrata  they  cut,  although  the  main  mass,  of  which  they  are 
nerely  the  apophyses,  is  far  inferior  to  those  strata  and  may 
brm  the  base  upon  which  they  rest.  These  apparently  para- 
loxical  but  naturally  quite  consistent  attributes  of  absolute  itife- 
iority  of  position  with  reference  to  all  observable  stratiform 
ystems  or  series,  and  an  age  younger  than  part  of  the  latter, 
ilaces  a  classification  of  these  Archaean  formations  based  on 
ge  at  variance  with  that  which  has  reference  to  stratigraphical 
K>sition.  This  is  not  usual  in  geology,  except  in  the  case  of 
Qtrusive  sheets  of  trap,  and  raises  the  question  of  which 
nethod  should  be  adopted.  The  classification  according  to 
ge  is  the  usual  one,  but  although  this  is  facilitated  in  the  post- 
\.rchaean  formations  by  a  knowledge  of  the  laws  governing 
he  distribution  in  time  of  organic  forms,  it  is  primarily  based 
ipon  the  relative  position  of  strata.  The  most  prominent  idea 
issociated  with  these  granites  and  syenites  and  their  gneissic 
Qodifications  is  their  basal  or  fundamental  relation  to  all  strati- 
orm  rocks.  The  formations  of  the  region  are,  therefore,  con- 
iidered  in  their  natural  ascending  order,  in  so  far  as  they  are 
tratiform,  while  dykes  and  intrusive  bosses  are  taken  in  order 
>f  their  age. 

The  group  of  rocks  comprised  in  the  table  given  above  is 
lesignated  geologically  as  the  Laurentian  System  in  accord- 
mce  with  the  practice  in  vogue  among  geologists  of  so  naming 
he  lowest  well-defined  system  of  crystalline  rocks  which  is 
clearly  separable  from  overlying  strata.     It  is  not  intended  by 
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the  :i«e  of  this  term  to  imply  that  the  rocks  are  neceasarilj  of 
tne  same  age  as  those  described  as  the  typical  Laarentian  bj 
Logan,  or  as  those  named  Laarentian  in  any  other  part  of  the 
wor!d.  For  it  is  manifestly  at  variance  with  scientinc  methods 
to  deaniiely  correlate,  with  reference  to  age,  rooks  in  which 
there  are  no  criteria  for  comparison  other  than  their  petro- 
gnipbical  ciianicters.  That  the  rocks  considered  have  passed 
through  a  jx^ricd  of  fusion  and  solidification  is  a  palpable  fact 
in  the  Rainy  Lake  Region,  and  will  probably  be  also  estab- 
lished beyond  question  in  other  regions  when  they  come  to  be 
carefully  studied.* 

Bu:  to  assume  that  the  period  of  solidification,  which  defines 
the  age  of  the  rock,  was  the  same  the  world  over,  is  as  yet  un- 
warrar.tel     If  prior  to  fusion  the  material  was  in  form  of  strati- 
form sediments,  these  may  have  been  of  many  diflferent  ages, 
and  may  have  been  fused  in  different  parts  of  the  earth  at  very 
diverse  periods  anterior  to  the  deposition  of  fossiliferous  strata. 
If  it  constituted,  prior  to  fusion,  the  first  formed  crust  of  the 
globe,  the  period  of  fusion  might,  as  before,  be  very  different  in 
different  regions  before  the  advent  of  life  u]X)n  the  surface  of 
the   earth.     The   loose  way  in  which  the  term  Laurentian  is 
us^d  is  convenient  in  the  present  state  of  science,  but  let  it  be 
clear!y  understood — as  it  is  not  generally — that  the  usage  is 
different  from  that  familiar  in  the  fossiliferous  formations.    It 
is  ill  ihis  loose  sense — the  striciest  permissible  in  the  present 
sti.tt- ,.:  science — liiai  these  rocks  are  referred  to  the  Laurentian. 
>  ;;er::nv'Ose  i  upon  liie  rocks  thus  referred  to  the  Laurentian 
sy>:o!n,  the  svlenJid  ex{X)sures  of  the  shores  of  Rainy  Lake 
reveal  :\s  tiie  ::ext  geological  group  a  thick  series  of  very  dis- 
tinctly stratiform   mica  schists  and   tine  grained,  gray,  evenly 
bcviili'vl,  often  garnetiferous,  very  quartzose  granulitic-gneisses. 
T:.e  use  of  tiic  same  term  "gneiss''  both  for  the  foliated  modi- 
lications  ol    s^raniies  and  svenites  which  are  clearlv  of  igneous 
oriiiin,  and  for  boildo«i  rocks  of  similar  composition  to  the  gran- 
ites, but  whose   natural  liisiorv  has  evidentlv  been  verv  differ- 
ent,  is  verv  confusing.     The  lack  of  distinction  in   terms  has 
been  fruit! ul  of  nuicli  error.     Tiie  term  gneiss  is  coming  more 
auvi  more  to  be  used  bv  geologists  to  describe  a  certain  phase  of 
structure  independent  ot  comix^sition.      The  fine-grained   bed- 
ded gneisses  (^ften  have  the  character  of  granuliies  when  exam- 

*  Wailsworth  ha?  already  called  ationtion  to  the  fact  tliat  the  foliated  granite 
of  till'  Marquoito  <ii?tiiot.  dc>cribe«i  by  Brooks  and  other  jzreoloifists  as  Laurentian. 
is  oi  iiuTo  recent  ace  than  the  rocks  there  referred  to  the  Riironian  and  the 
intriKsive  nature  of  ih»'  0'»ntact  is  desicril>ed.  Vide  Notes  on  the  Geologry  of  the 
Iron  and  Copj>or  Districts  of  1-ike  Superior.  Bull.  Mus.  Comp.  ZM.,  Harvard,  1880, 
p.  r)2  et  seq  ,  p.  TO  et  se<i.  The  work  was  not  known  to  me  when  I  described  the 
Contait  of  the  Laurentiun  nnd  Keewatin  of  the  Lake  of  the  Woods,  Annual  Report, 
Geol.  Surrev  of  Canada,  KSSa. 
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ioed  ander  the  microscope,  and  the  term  *^  granulite-gneiss " 
might  be  usefal  as  a  di^tingaishing  term  if  the  granulitic 
character  can  by  more  extensive  stady  be  shown  to  be  a  com- 
mon one.  For  the  present  it  will  be  ased  provisionally  as  one 
that  saggests  the  contrast  that  exists  between  them  and  the 
granite-gneisses. 

This  thick  series  of  mica  schists  and  granulitic  gneisses  at- 
tains its  greatest  development  so  far  as  has  yet  been  observed 
in  the  soathern  part  of  Kainy  Lake,  where  its  thickness  in  con- 
tinuoas  exposure,  with  the  strata  at  low  angles  which  preclude 
the  idea  of  reversed  dips,  can  be  measured  for  a  thickness  of 
over  two  miles  in  a  low  anticlinal.  The  series  is  for  conven- 
ience designated  the  Coutchiching  series,  from  the  Coutchich- 
ing  Bapids  at  the  head  of  Rainy  River  where  the  rocks  are  first 
met  with  on  entering  Rainy  Lake  from  the  west.  They  are 
verv  sharply  and  distinctly  marked  off  from  the  lower  granites 
and  gneisses  of  the  Laureutian.  The  geological  contact  be- 
tween the  Coutchiching  series  and  the  Laurentian  system  is  one 
of  neither  conformity  nor  unconformity.  The  break  is  of  an 
entirely  different  order,  and  the  contact  is  eminently  that  of  an 
igneous  injection  or  intrusion  of  the  lower  through  the  upper 
rocks.  This  series  appears  to  thin  out  rapidly  toward  the 
north,  and  on  the  north  shores  of  the  southern  part  of  Rainy 
Lake,  in  the  neighborhood  of  Seine,  Swell,  Red-gut  und  Rocky 
Islet  Bays,  and  on  the  islands  of  the  lake,  it  is  seen  to  form  a 
trough  in  which  lies,  folded  another  higher  series  of  entirely 
different  characters.  The  rocks  comprising  it  are  for  the  most 
part  of  volcanic  origin.  They  are  chiefly  black-green,  com- 
pact, hornblende  schists  ;  softer,  less  compact,  and  more  fissile 
green  schists  in  which  hornblende  is  the  prevailing  constituent, 
but  with  chlorite,  calcite,  epidote  and  other  decomposition  min- 
erals well  represented  in  them  ;  and,  in  intimate  association 
with  these  schists  and  interbedded  with  them,  great  sheets  of 
'Hap*  comprising  uralitic  diabases  and  gabbros  (often  called 
diontes)  and  other  massive  altered  basic  volcanic  rocks  of  less 
determinate  characters.  These  altered  traps  are  sometimes 
quite  massive  and  sometimes  schistose  to  a  varying  extent,  in 
whioh  case  the  crushed  or  stretched  condition  of  the  rock  is  so 
clearly  displayed  in  microscopic  sections  as  to  leave  no  doubt 
that  the  schistosity  is  due  to  pressure  and  to  stretching  or  pull- 
ing forces  upon  the  rock  after  the  assumption  of  a  firm  crystal- 
line condition.  When  the  crushing  has  been  excessive  the 
original  character  is  often  almost  or  completely  obliterated,  par- 
ticularly as  the  comminution  of  the  rock  under  such  forces  is  ac- 
companied by  the  development  of  secondary  minerals  like 
Saartz,  calcite,  epidote,  zoisite,  chlorite  and  albite.  Included 
80  in  this  series  are  dark  green,  very  fissile  glossy  schists 
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holding  water-worn  pebbles;  green  volcanic  breccias;  finer 
textured  clastic  rocks  or  *graywackes*;  sericitic  schistose  quartz- 
porphyries  and  regular  porphyroids;  and  soft,  fissile,  nearly 
always  much  decomposed  hydromicaceous  schists  with  which 
are  associated  yellowish  dolomitic  segregations. 

The  breccias,  graywackes  and  hydromica  schists  are  more 
commonly  met  with  in  the  northern  part  of  the  Rainy  Lake 
Region  than  on  Rainy  Lake  itself.  This  group  of  rocks  is  the 
same  as  a  large  portion  of  the  series  described  in  my  report  on 
the  Lake  of  the  Woods  Region  as  the  Keewatin  series,  and  in  the 
northern  part  of  the  Rainy  Lake  Region  can  be  traced  in  direct 
continuity  with  that  series.  They  will  therefore  be  referred  to 
as  the  Keewatin  series  of  rocks.  Concerning  the  geological  re- 
lations of  the  Coutchiching  and  Keewatin  series  it  is  not  possi- 
ble to  make  any  sweeping  statement  as  to  their  conformity  or 
unconformity.  The  Coutchiching  rocks  do  not  appear  to  have 
been  at  all  disturbed  prior  to  the  deposition  of  the  Keewatin, 
and  the  parallelism  oi  the  strike  and  dip  of  the  strata  or  beds 
of  the  two  series  is  often  seen  to  be  perfect  But  as  Geikie 
points  out  the  geological  conformity  or  unconformity  of  two 
sets  of  strata  implies  a  broader  question  than  the  mere  relations 
in  space  of  their  contiguous  portions.  Strata  which  are  in  close 
contact  and  show  at  certain  places  perfect  parallelism  may 
sometimes  be  separated  by  ages.  The  appearance  of  parallel- 
ism is  often  simulated  by  pressure  and  folding  so  that  it  is  not 
always  a  criterion  of  continuity  of  geological  history.  •  The 
very  diverse  character  of  the  two  series,  the  Coutchiching  and 
the  Keewatin,  is  proof  of  a  profound  alteration  in  the  condi- 
tions of  rock  formation,  which  implies  a  geological  break, 
though  it  does  not  indicate  its  duration.  The  Coutchiching 
series  is  seen  occasionally  to  be  cut  by  intrusions  of  a  certain 
character  which  have  not  been  detected  traversing  the  Kee- 
watin rocks.  These  may  possibly  be  instances  of  vents  from 
which  the  traps  of  the  Keewatin  series  were  extravasated.  In 
the  northern  part  of  the  Rainy  Lake  Region  the  Keewatin 
series  comes  into  direct  contact  with  the  Laurentian  without 
the  intervention  of  the  Coutchiching  series,  and  the  conditions 
of  contact  are  those  which  have  been  described  as  obtaining  in 
the  Lake  of  the  Woods  Region.  The  contact  of  the  horn- 
blende schists  and  altered  traps  with  the  Laurentian  rocks  is  of 
the  same  igneous  or  brecciated  character  as  that  observed  on 
the  Rainy  Lake  between  the  Coutchiching  and  the  Laurentian, 
the  direct  inference  being,  of  course,  that  the  Laurentian  rocks 
are  of  more  recent  age  as  such  than  either  the  Coutchiching  or 
Keewatin,  although   stratigraphically  they  are  inferior  to  both. 

Of  later  age  than  Laurentian,  Keewatin  or  Coutchiching  is  a 
system  of  dykes  and  bosses  of  red  granite,  in  which  there  has 
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never  been  detected  the  slightest  tendency  to  gneissic  foliation. 
This  granite  is  found  cutting  the  Laurehtian  gneiss  in  sharply 
defined  but  irregular  dykes  in  certain  parts  of  the  region,  par- 
ticularly in  the  Northwest  Bay  of  Rainy  Lake.  These  dykes 
are  very  frequently  associated  with  "veins"  of  pegmatite. 
Where  exposures  are  few  and  isolated  there  is  danger  of  con- 
fusing these  granites  with  the  older  granites  of  the  Laurentian ; 
where  the  country  is  well  uncovered,  however,  the  different  re- 
lationships of  the  two  are  quite  apparent 

Of  still  later  age  is  a  system  of  strong,  well-defined  dykes  of 
diabase  cutting  the  Laurentian,  Coutchiching  and  Keewatin 
rocks  and  .the  post-Laurentian  granites.  These,  wherever  ob- 
served in  various  parts  of  the  region  have  a  strike  of  N.W.  to 
N.N.W.  Their  width  is  generally  from  60  to  150  ft,  and  they 
are  sometimes  traceable  for  miles.  These  dykes  have  been 
studied  microscopically,  as  have  all  the  chief  types  of  rocks 
occurring  throughout  the  region,  and  some  interesting  features 
have  been  brought  to  light  concerning  them  which  will  be 
found  described  elsewhere.  Besides  these  dykes  there  occurs 
between  Seine  Biver  and  Turtle  Lake,  east  of  fiainy  Lake,  a 
somewhat  extensive  mass  or  boss  of  very  coarse  grained  saus- 
Burite  gabbro,  concerning  the  age  of  which  it  is  only  known  that 
it  cuts  the  Keewatin  rocKS,  and  is  therefore  younger  than  them. 
It  is  not  improbable  that  it  is  of  s^n.chronous  origin  with  the 
diabase  dykes,  possibly  the  plutonic  facies  of  the  same  rock. 
These  later  diabases  and  gabbro  have  an  interesting  possible  or 
problematic  relationship  to  the  trap  fiows  which  form  so  large 
a  part  of  the  Animikie  and  Keweenawan  series. 

The  rocks  of  the  region  or  their  equivalents  appear  in  their 
eastward  geographical  distribution  in  the  neighborhood  of  Lake 
Superior  to  pass  in  a  folded  state  under  the  fiat  lying  beds  of 
the  Animikie  series,  the  contact  being  one  of  marked  uncon- 
formity. The  Animikie  is,  according  to  the  prolonged  and 
valuable  researches  of  Prof.  R.  D.  Irving,  of  the  United  States 
Geological  Survey,  the  geological  equivalent  of  the  typical 
Huronian  of  Logan.*  The  Animikie  or  Huronian  is,  accord- 
ing to  the  same  eminent  authority,!  distinct  from  and  underlies 
the  Keweenawan  (Nipigon).  Hence  the  classification  of  the 
various  geological  systems  or  series  of  rocks  in  the  country 
west  of  Lake  Superior,  so  far  as  our  present  knowledge  goes,  is 
with  reference  to  their  place  in  the  ideal  geological  column,  as 
follows : 

Keweenawan  (Nipigon). 
Huronian  (Animikie). 
Keewatin. 

*  Monograph  V,  United  States  Geol.  Suryey,  pp.  367-386,  p.  390. 
f  Op.  cit.,  pp.  ibid. 
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Cootchiching. 
Laarentian. 

With  reference  to  their  age,  as  follows  : 

Eeweenawan  ^Nipigon). 
Haronian  (AnimiKie). 

Diabase  dykes  and  gabbro. 

Granite,  post-Laurentian. 
Laarentian. 
Eeewatin. 
Coutchiching. 
Petrographical  Laboratorj,  Johns  Hopkins  UniTeraity,  March,  1887. 
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Material  of  the  Latent  Photographic  Image ;  by  M.  Carey 
Lea,  Philadelphia. 

In  the. first  part  of  this  paper  I  described  certain  strongly 
colored  forms  oi  silver  chloride,  bromide  and  iodide,  obtainea 
independently  of  any  action  of  light,  for  which  I  proposed  the 
name  of  photosalts,  by  reason  of  their  identity  with  the  pro- 
ducts of  the  action  of  light  on  the  normal  silver  haloids  ;  both 
with  the  substance  of  the  latent  image  itself  and  also  with  the 
principal  results  of  the  continued  action  of  light  on  these  ha- 
loids.    It  remains  to  prove  this  identity. 

First  as  to  identity  with  the  product  of  the  continued  action 
of  light. 

If  we  expose  silver  chloride  precipitated  with  excess  of  HCl 
to  light,  we  get  a  deep  purple  black  substance  which  boiled 
with  dilute  nitric  acid  gives  up  a  little  silver,  at  the  same  time 
somewhat  lightening  in  color  and  forming  a  dull  purple  ma- 
terial which  closely  resembles  some  of  the  forms  of  photo- 
chloride  described  in  the  first  part  of  this  paper,  most  those  pro- 
duced by  the  action  of  sodic  hypochlorite  or  of  ferric  chloride 
on  metallic  silver:  it  shows  the  same  reactions  with  ammonia 
that  they  do.  The  brighter  colored  photochlorides  are  not 
formed  by  the  action  of  light  on  silver  chloride. 

But  these  brighter  colored  chlorides  can  also  be  shown  to 
be  formed  through  the  action  of  light.  Most  salts  of  silver 
darken  by  exposure,  and  when  these  dark  products  are  treated, 
first  with  HCl,  and  then  after  thorough  washing,  are  boiled 
with  dilute  nitric  acid,  we  can  obtain  results  perhaps  as  varied 
as  those  which  I  described  in  the  former  part  of  this  paper  as 
arising  from  purely  chemical  action. 

Silver  oxalate  exposed  for  two  days  to  sunshine,  covered  with 
water  and  with  frequent  agitation,  changed  to  a  deep  brownish 
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black  which  by  treatment  with  HCl  became  a  little  lighter. 
When  this  prodoct  was  washed  and  boiled  with  strong  nitric 
acid,  it  acquired  a  fine  deep  copper  red  color,  the  acid  taking 
up  silver.  This  red  substance  aissolved  in  ammonia  readily, 
leaving  a  small  amount  of  black  residue ;  the  same  with  sodium 
hyposulphite. 

(This  examination^  made  ayear  ago,  has  recently  been  repeated 
with  a  view  to  obtaining  a  quantitative  determination  of  the 
proportion  of  Ag,Cl  containea  in  the  red  product.  The  expo- 
sure was  for  about  a  day,  the  oxalate  at  the  end  of  the  exposure 
seemed  absolutelv  black.  After  treatment  with  HCl  it  assumed 
a  purple  black  shade.  After  thorough  washing  and  boiling 
with  dilute  nitric  aci<l,  which  removed  a  large  quantity  of  sil- 
ver, perhaps  12  or  15  per  cent  of  the  entire  quantity,  it  had 
a  fine  lilac  purple  color.  Analysis  showed  that  it  contained 
about  one-half  of  one  per  cent  of  subchloride,  or  more  exactly, 
0*45  per  cent  Ag,Cl  was  found). 

The  red  chloride  thus  obtained  from  silver  oxalate,  not  only 
closely  resembles  the  red  chloride  obtained  by  means  exclu- 
sively chemical,  but  shows  the  same  behavior  to  reagents. 

Treated  with  ammonia  it  dissolves  leaving  a  black  residue. 
The  formation  of  this  residue  takes  place  precisely  in  the  same 
manner  with  both  substances.  As  fast  as  the  material  dissolves 
the  liquid  becomes  clouded  and  an  extremely  fine  black  sub- 
stance seems  to  form  within  it,  which  gradually  falls  to  the 
bottom. 

Treated  with  solutions  of  the  alkaline  haloids,  the  red  chlo- 
ride derived  from  exposed  silver  oxalate  remains  unchanged 
after  24  hours  contact  with  potassic  chloride  and  becomes  pfiler 
and  more  lilac  under  potassic  bromide ;  under  potassic  iodide 
becomes  gray.  These  reactions  correspond  with  those  of  the 
pbotochloride. 

Silver  phosphate  belongs  to  the  more  sensitive  silver  salts  and 
easily  darkens  in  sunlight.  In  a  few  hours  it  becomes  greenish 
all  through,  after  which  further  exposure  produces  little  visible 
effect.  This  product  becomes  with  HCl  quickly  gray,  and  by 
treatment  with  nitric  acid  after  washing,  light  pink. 

Silver  tartrate  by  exposure  to  sun  became  quite  black.  With 
HCl  this  changed  to  reddish  gray  or  dull  pink.  This  product 
well  washed  and  let  stand  with  cold  nitric  acid  1*36  became 
first  lavender  and  then  Kght  pink. 

Silver  carbonate  by  prolonged  exposure  became  greenish 
black,  and  with  the  above  treatment  yielded  a  dull  pink 
pbotochloride. 

Silver  pyrophosphate  even  by  several  days'  exposure  to  win- 
ter sun  did  not  blacken,  but  assumed  an  ocbreous  or  buff  shade. 
With  HCl  this  passed  to  a  sort  of  salmon  pink  and  by  heating 
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a  few  minutes  with  dilute  nitric  acid,  to  a  beautiful  copper 
shade. 

Silver  acetate  was  singularly  little  affected  by  sunlight,  it 
looked  blackish,  but  on  closer  inspection  was  found  to  be  very 
little  altered  By  the  same  treatment  as  above  it  yielded  a  pale 
pink  photochloride. 

So  far  as  examined,  all  silver  salts  thus  treated  yielded  pink 
or  red  photochloride. 

These  facts  may  serve  to  show  the  identity  «>f  the  photochlo- 
ride with  the  principal  product  of  the  continued  action  of  light 
on  silver  chloride  and  on  other  salts  of  silver,  subsequently  con- 
verted into  chloride.  I  should  wish,  however,  to  use  this  word 
identity  in  a  somewhat  limited  sense.  When  the  photochlorides 
are  formed  by  different  methods  without  the  aid  of  light  hardly 
anv  two  forms  can  be  considered  absolutely  identical:  they 
differ  in  color  and  in  proportion  of  subchloride,  as  already  often 
mentioned,  but  they  also  differ  in  other  respects,  especially  in 
resistance  to  reagents.  Some  forms  are  far  more  easily  de- 
stroyed by  nitric  acid:  those  obtained  by  the  action  of  sodium 
hypophosphite  (as  presently  to  be  described)  are  amongst  the 
most  easily  destroyed  by  nitric  acid.  There  is  variation,  too, 
in  the  degree  of  their  resistance  lo  ammonia. 

Very  similar  differences  are  found  in  the  stability  of  the  pho- 
tochlorides obtained  by  the  action  of  light :  some  are  much 
more  readily  attacked  by  nitric  acid  than  others.  The  prodact 
obtained  hv  the  action  of  light  on  silver  chloride  resists  ammo- 
nia more  stron^rlv  than  that  obtained  bv  the  action  of  UCl  on 
exposed  silver  oxalate.  This  last  is  quickly  attacked.  Gener- 
ally, I  think  the  dark  colore*!  forms  are  the  most  siable. 

At  a  future  time  it  may  perhaps  be  possible  to  distinguish 
more  exactly  between  these  varieties. 

I  next  |)nss  to  the  consideration  of  the  identity  existing  be- 
tween the  photosalts  and  the  material  of  the  latent  image. 
Before  entering,  however,  on  that  matter,  it  is  necessary  to 
describe  a  reaciion  leading  to  the  formation  of  these  photosalts, 
somewhat  ditfering  from  the  reactions  already  mentioned,  and 
which  has  important  bearing  on  the  subject. 

The  remarkable  action  which  an  alkaline  hypophosphite  ex- 
erts on  salts  of  copper  was  described  many  years  ago  by  M. 
Wurtz.  Its  action  on  silver  salts,  though  there  is  no  parallel- 
ism between  the  two,  has  enabled  me  to  find  a  key  to  some 
of  the  great  difficulties  of  the  latent  image. 

A  dilute  solution  of  sodium  hypophosphite  if  poured  over  a 
mass  of  chloride,  bromide  or  iodide  of  silver  formed  in  the 
absence  of  light,  produces  no  visible  effect,  but  has  the  property 
of  bringing  those  substances  into  the  condition  in  which  they 
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xist  in  the  latent  image.  Applied  in  strong  solution  and  with 
be  aid  of  heat,  it  produces  brown  purple  photojchloride,  bromide 
nd  iodide  of  silver.  I  will  here  briefly  describe  the  first  of 
hese  compounds  in  order  to  continue  the  series  of  photo- 
hlorides,  and  then  pass  to  the  consideration  of  the  latent 
nage.  ^ 

Photochloride  of  Silver  by  Sodium  Hypophosphite. 

Silver  chloride  freshly  precipitated  with  excess  of  HOI  and 
rell  washed,  placed  in  a  flask  with  a  strong  solution  of  sodium 
typophosphite  and  heat  applied  begins  to  darken  before  the 
oiling  point  is  reached.  Actual  boiling  for  ten  or  fifteen  min- 
ites  gives  a  deep  chocolate  color.  This  product  well  washed 
nd  freed  from  traces  of  metallic  silver  by  cautious  boiling 
nth  very  dilute  nitric  acid  has  a  pink,  red  or  brown  color  vary- 
Qg  in  intensity  according  to  the  length  of  the  action.  Some- 
imes  a  lavender  shade  is  produced,  and  this  is  more  apt  to  be 
be  case  when  the  silver  cnloride  has  been  precipitated  with  ex- 
ess  of  silver  nitrate  instead  of  excess  of  HCl. 

Silver  determinations  of  two  specimens  of  the  purified  pro- 
oct  were  made,  indicating  the  presence  in  one  specimen  of 
•77  per  cent  of  subchloride,  in  the  other  of  3'63. 

By  the  continued  action  of  heat  for  many  hours  a  complete 
eduction  to  metallic  silver  takes  place. 

Photochloride  obtained  in  this  way  has  generally  a  brown  or 
ull  purple  color.  Boiled  with  nitric  acid  it  is  apt  to  break  up 
ti  as  many  minutes  as  some  other  forms  would  require  hours 
or  decomposition,  yielding  white  chloride,  whilst  the  nitric 
cid  takes  up  small  quantities  of  silver. 

DENTITY    OF     PhOTOSALTS    WITH     THE     MATERIAL    OF    THE 

Latent  Image. 

It  is  proposed  here  to  show : 

Ist.  That  in  the  entire  absence  of  light,  sodium  hypophos- 
>hite  is  able  to  aflFect  a  sensitive  film  of  silver  haloid  exactly  in 
he  same  way  as  does  light,  producing  a  result  equivalent  to  a 
Jtent  image  formed  by  light  and  capable  of  development  in  the 
ame  yay  as  an  actual  impression  of  light 

2d.  That  these  two  effects,  the  impression  produced  by  hypo- 
phosphite  and  that  by  light,  comport  themselves  to  reagents 
xactly  the  same  way  and  seem  every  way  identical. 

3d.  That  the  image  produced  by  hypophosphite  on  silver 
hloride  always  gives  rise  to  a  positive  development,  but  on  sil- 
er  bromide  may  give  rise  either  to  a  direct  or  to  a  reverse 
mage,  both  of  these  effects  corresponding  exactly  with  those  of  ItghU 
fore  than  this,  sodium  hypophosphite  may  be  made  to  reverse 
be  image  produced  by  light  on  silver  bromide  and  conversely 
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light  may  be  made  to  reverse  the  action  of  hypophosphite. 
exact  a  correspondence  in  these  remarkable  properties 
scarcely  be  fortuitous. 

I. 

A  silver  haloid  formed  in  the  absence  of  light  And  subjectec/ 
to  the  action  of  sodium  hypophosphite  gives  rise  to  thegradaa/ 
formation  of  subsalt,  which  combines  with  the  normal  sslt 
in  the  manner  described  in  the  previous  part  of  this  pnper. 
This  action  fit  the  hypophosphite  closely  corresponds  with  that 
of  light.  In  its  initial  stages  it  is  invisible,  but  can  be  brought 
out,  in  both  cases  by  development. 

If  we  form  a  film  of  chloride,  bromide  or  iodide  of  silver  and 
with  a  glass  rod  dipped  in  solution  of  hypophosphite,  make 
marks  upon  it,  these  marks  can  with  the  utmost  ease  be  devel- 
oped in  precisely  the  same  way  as  an  image  produced  by  expo- 
sure to  light 

A  very  simple  mode  of  operating  consists  in  imbibing  photo- 
graphic paper  with  a  solution  of  an  alkaline  haloid,  drying,  ap- 
plying a  silver  solution  and  then  thoroughly  washing,  all  of 
course  with  careful  exclusion  of  active  licht.  If  the  silver  solu- 
tion is  acidulated  with  nitric  acid,  a  drop  to  the  ounce,  the 
result  is  brighter,  iDut  this  is  not  important.  In  any  case  the 
washing  must  be  thorough. 

Marks  made  on  this  paper  can  be  developed  with  the  oxalate 
developer  with  the  utmost  facility.  If  a  strong  solution  of 
hypophosphite  is  applied  cold,  it  may  be  washed  oflF  at  the  end 
of  a  minute,  but  a  stronger  impression  is  obtained  by  allowing 
it  to  wait  a  half  an  hour  before  developing.  Or  the  action  may 
be  accelerated  and  increased  in  strength  by  laying  the  freshly 
marked  paper  on  a  hot  surface,  or  better,  by  steaming  it,  before 
applying  the  developer.  A  convenient  mode  of  steaming  is  to 
lay  two  pieces  of  glass  on  a  small  water  bath  kept  boiling,  with 
a  space- between  them.  Over  this  space  the  paj)er  is  rested  for 
two  or  three  minutes.  Paper  prepared  with  a  solution  of  KCi, 
KBr,  or  KI,  dried  and  floated  on  acidulated  solution  of  silver 
nitrate  and  well  washed,  if  marked  wiih  strong  solution  of 
hypophosphite  and  steamed  for  two  or  three  minutes,  will  de- 
velop the  marks  as  black  as  ink  on  a  white  ground,  iflie  use 
of  heat  simply  gives  a  blacker  development,  but  a  very  vigor- 
ous image  may  be  got  without. 

(A  similar  result  may  be  obtained  by  substituting  for  the 
hypophosphite  a  dilute  solution  of  potash  and  an  oxidahle 
organic  substance.  With  milk  sugar  the  action  is  very  ener- 
getic and  heat  is  quite  superfluous). 

Both  these  are  the  initial  steps  of  reactions  which  when  pro- 
longed result  in  the  visible  formation  of  the  colored  photosalta 
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^8  a  matter  of  interest  that  sodium  hypopbosphite  which  pro- 
^^2e8  the  above  described  effects,  has  no  developing  power 
^atever. 

11. 

The  two  impressions',  that  formed  by  light  and  that  by  hypo- 
•hosphite,  are  similarly  affected  by  reagents 

As  an  example  of  this  identity  of  effect  produced  on  the  two 
npressions,  I  first  take  the  action  of  nitric  acid. 

Chloride,  bromide  and  iodide  papers  were  exposed  to  moderate 
ifiuse  light  under  a  screen  with  openings,  for  a  proper  time  to 
)rm  a  latent  image,  the  chloride  and  bromide  for  four  or  five 
K^onds,  the  iodide  for  tweniy  or  twenty-five.  They  were  then 
It  into  halves  and  one  half  of  each  was  soaked  in  strong  nitric 
5id  for  five  minutes.  These  halves  were  then  washed  for  some 
^urs  and  were  developed  along  with  the  halves  not  so  treated, 
esalt  was,  latent  image  on  silver  chloride  almost  if  not  quite 
ninjured;  on  silver  bromide,  somewhat  affected  but  still 
rong  ;  on  silver  iodide  entirely  destroyed. 

Similar  portions  of  the  same  papers  were  then  marked  with 
f  pophosphite  and  were  cut  into  halves  and  onehall  was  sub- 
ctea  to  the  action  of  nitric  acid  in  exactly  the  same  way  as 
le  previous.  The  result  was  exactly  as  before.  The  hypo- 
losphite  marks  on  the  half  of  the  chloride  paper  that  had  been 
eated  with  acid  came  out  in  development  as  vigorously  as  on 
le  half  that  had  not  been  treated.  The  bromide  paper  showed 
je  marks  weakened  by  the  acid  but  still  strong;  on  the  iodide 
ot  a  trace  appeared.  In  all  respects  the  result  was  the  same, 
hat  the  one  resisted,  th^  other  resisted,  what  destroyed  the 
ae  destroyed  the  other. 

Another  confirmation  is  presented  by  the  action  of  the  alka- 
ne  haloids  upon  the  latent  image. 

The  latent  images  produced  by  light  on  chloride,  bromide 
id  iodide  of  silver  were  all  treated  with  cold  and  moderately 
;rong  solutions  of  potassic  chloride,  bromide  and  iodide  for 
alf  an  hour,  and  were  then  subjected  to  development.  It  was 
)und  that  all  three  silver  salts  bore  the  action  of  potassic  chlo- 
de  and  bromide  fairly  well,  the  images  were  somewhat  weak- 
led  but  strong  developments  were  obtained  without  diflSculty. 
•at  when  potassic  iodide  was  applied  the  latent  image  was 
)tally  destroyed. 

The  visible  effect  of  the  alkaline  haloids  on  the  photosalts 
sactly  corresponds  with  their  action  on  the  latent  image, 
btassic  chloride  and  bromide,  applied  in  moderately  strong 
)lution  and  cold  have  little  effect,  but  potassic  iodide  quickly 
sstroys  (hem. 

Therefore  the  action  as  well  of  nitric  acid  as  of  KCI,  KBr  and 
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ELI  is  exactly  the  same  on  the  latent  image  impressed  by  light 
on  AgCl,  AgBr  and  Agl  as  it  is  on  the  corresponding  photo- 
salts. 

III. 

The  impressions  produced  by  alkaline  hypophosphite  upon 
silver  chloride  always  give  rise  to  direct  images,  darker  than 
the  ground  on  which  they  are  formed.  The  same  substance 
produces  an  impression  on  silver  bromide  which  may  by  devel- 
opment produce  either  a  direct  or  a  reverse  image.  So  that 
there  is  a  perfect  parallelism  with  the  action  of  light. 

The  reverse  action  of  light,  sometimes,  called  solarization, 
shows  itself  as  follows.     A  film  of  bromide  being  exposed  to 
light,  part  covered  by  an  opaque  screen,  the  exposed  portion 
receives  an  impression  capable  of  development,  and  this  im- 
pression grows  in  strength  to  a  certain  point,  then  recedes  and 
reaches  a  condition  in  which  it  is  less  susceptible  of  develop- 
ment than   before  exposure.     All  bromide  tiims,  even  unex- 
posed to  light,  will  darken  in  a  Hevelooing  solution  in  time. 
The  portion  that  under  the  action  of  light  has  reached  the 
reverse  stage  resists  the  reducing  action  of  the  developer  better 
than   that  which   was   not  exposed  at  all,   and   consequently 
appears  after  development  as  li^ht  on  a  dark  ground  and  is 
therefore  a  reverse  image.    As  to  the  cause  of  this  action  we  are 
as  yei  wholly  in  the  dark.     If  the  continued  effect  of  light  was 
simply  to  restore  the  affected  part  to  its  original  state  we  might 
attempt  an  explanation  hy  affirming  that  the  continued  action 
of  light  undid  its  own  work.     But  the  fact  of  the  resistance  to 
reduction  being  greater  than  before.exposure  shows  that  some 
as  yet  unknown  action  of  light  is  in  play.     The  reverse  action 
cannot   be  due  to  oxidation  as  has  been   suggested,   because 
hypophosphite  reverses  and  certainly  cannot  oxidize. 

The   reversing  action   of  light  on   silver  bromide  finds   its 
counterpart  in  the  action  of  sodium  hypophosphite. 

If  we  take  bromide  paper  (it  is  immaterial  whether  in  mak- 
ing it  the  bromide  or  the  silver  solution  be  applied  first,  but 
for  these  experiments  on  the  reversal  of  the  image  it  is  essen- 
tial that  a  pure  neutral  silver  solution  be  employed  and  that 
after  the  second  solution  has  been  applied  the  paper  should  be 
thoroughly  washed,  all  the  operations  being  oJ  course  per- 
formed by  inactive  light): — if  we  take  such  paper  and  make 
marks  on  it  with  a  strong  solution  of  hypophosphite,  and  then 
throw  the  paper  into  potassio-ferrous  oxalate,  we  shall  get  a 
direct  development;  the  marks  will  be  stronger  than  the 
ground.  If  now  we  continually  weaken  the  hypophosphite 
solution,  we  shall  presently  reach  a  point  at  which  these  marks 
are  in  development  almost  wholly  indistinguishable  from  the 
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ground  on  which  thej  were  made.  But  continuing  the  dilu- 
tion still  further  we  presently  reach  a  point  at  which  the  marks 
reappear,  but  this  time  reversely ;  as  lighter  marks  od  w  darker 
ground.  This  result  is  obtained  with  about  a  two  per  cent 
solution  ;  the  first  mentioned  effect  comes  with  a  solution  of 
25  or  30  per  cent.  So  that  according  as  we  use  the  hypophps- 
phite  solution  stronger  or  weaker  we  obtain  exactly  opposite 
effects.  Here  the  parallelism  is  striking  but  not  perfect,  at 
least  it  remains  to  be  explained  why  the  action  in  the  two  cases 
proceeds  in  a  reverse  order.  All  the  other  reactions  show  a 
perfect  identity. 

Time  will  also  sometimes  produce  the  same  effect  as  dilution. 
Paper  marked  and  put  away  for  24  or  48  hours,  giving  at  first 
a  direct  image  may  after  that  time  give  a  reverse  one.  This 
effect  is  extremely  uncertain  and  I  think,  exceptional.  I  have 
kept  very  many  pieces  for  periods  from  a  few  hours  to  several 
weeks,  which  first  and  last  gave  direct  images  only;  a  few 
became  reversed.  But  the  experiment  itself,  the  opposite 
effect  of  strong  and  weak  solutions,  is  liable  to  no  such  uncer- 
tainty. 

Again,  we  may  make  light  and  hypophosphite  interact  and 
each  reverse  the  other's  action. 

To  make  hypophosphite  reverse  the  action  of  light,  I  take  a 

Siece  of  silver  bromide  paper,  expose  it  to  the  action  of  diffuse 
A  J  light  for  a  few  seconds,  then  taking  it  to  the  dark  room, 
mafke  marks  upon  it  with  a  glass  rod  dipped  in  solution  of 
hypophosphite.  On  developing  with  potassio-ferrous  oxalate 
the  marks  appear  lighter  than  the  ground.  Or  what  is  perhaps 
more  striking,  we  take  two  pieces  of  such  paper,  retain  one  in 
the  dark  room  and  expose  the  other  from  5  to  20  seconds  to 
diffuse  light,  then  make  marks  on  both  with  a  glass  rod  dipped 
in  strong  solution  of  iiypophosphite,  and  then,  after  allowing  a 
few  minutes  for  the  hypophosphite  to  act,  place  them  both  in  a 
solution  of  potassio-ferrous  oxalate.  The  marks  will  develop, 
in  the  one  case,  as  dark  on  a  light  ground,  in  the  other  (that 
exposed  to  daylight)  as  light  on  a  dark  ground. 

We  have  here  made  the  hypophosphite  imitate  the  action  of 
light:  it  has  reversed  the  image  in  the  same  way  as  would 
result  from  a  prolonged  exposure  to  light.  It  will  next  be 
shown  that  light  may  be  made  to  imitate  the  action  of  hypo- 
phosphite and  reverse  the  effect  already  produced  by  that  or 
other  reducing  agent. 

If  we  take  the  red  or  purple  silver  bromide,  preparing  it  with 
exclusion  of  light  and  the  same  precaution  as  in  the  case  of  a 
dry  plate  and  extend  it  over  paper  (it  is  best  though  not  essen- 
tial, to  mix  it  with  a  little  gelatine  to  enable  it  to  retain  its 
hold  on  the  paper  in   the  subsequent  treatment)  dry  it  and 
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expose  it  to  light  under  a  screen  such  as  a  piece  of  opaqae  stiff 
pasteboard  with  openings  cut  in  it:  then  apply  potassio-ferroos 
oxalate,  we  shall  obtain  a  very  remarkable  eft'ecf :  all  the  parts 
exposed  to  light  take  a  reversed  development  and  appear  as 
lignter  spaces  on  a  dark  ground.  And  this  goes  so  far  that  we 
may  expose  till  we  get  a  visible  and  quite  strong  image,  darker 
than  the  ground  and  yet  in  development  this  darker  portion 
will  come  out  lighter  than  the  ground.  Indeed  I  have  one 
specimen  which  shows  almost  white  figures  on  an  intensely 
black  ground.  Before  development  these  light  figures  were 
brown,  by  exposure  to  light,  on  a  rose-purple  ground.  I  have 
seen  few  more  curious  results  than  this. 

From  the  foregoing  it  follows  that  red  bromide,  notwith- 
standing its  intense  coloration  is  in  the  same  condition  respect- 
ing light  as  normal  silver  bromide  that  has  received  an  impres- 
sion of  light  so  strong  that  any  further  influence  of  light  would 
cause  reverse  action,  only  that  a  vastly  larger  proportion  of  its 
molecules  are  affected.  In  the  case  of  the  latent  image  formed 
by  light  on  normal  bromide  it  would  seem  that  the  particles 
affected,  although  numerous  enough  to  serve  as  a  basis  of 
development  are  still  too  few  and  too  scattered  to  be  visible  or 
affect  the  color.  The  photobromide  on  the  contrary  has  its 
mass  made  up  of  them.  Then  if  exposed  to  light,  the  light 
carries  them  a  stage  farther — brings  them  to  the  reverse  or 
"solarized"  condition  and  the  parts  affected  by  light  develop 
less  strongly  th«an  those  not  exposed. 

So  light  can  act  the  part  of  hypophosphite  and  hypophos- 
phite  that  of  light,  interchangeably ;  each  can  produce  a  direct 
action,  each  a  reverse  and  each  can  reverse  the  other. 

It  then  appears  that  in  all  the  numerous  ways  in  which  it  is 
possible  to  compare  the  photosalts  with  the  material  of  the 
latent  image  they  are  found  to  be  identical.  The  proofs  based 
on  development  generally,  and  especially  on  ihe  reversal  of  the 
latent  image  seem  very  strong  ana  these  receive  additional  sup- 
port from  the  exact  identity  of  reactions  shown  by  the  photo- 
salts  and  by  the  material  of  the  latent  image. 

The  question  of  the  identity  of  the  photosalts  with  the  pro- 
ducts of  light  on  the  silver  haloids  might  perhaps  be  left  with 
some  confidence  to  the  cumulative  proofs  here  offered.  But  I 
hope  to  be  prepared  to  give  in  the  next  number  of  this  Journal 
additional  evidence  from  a  new  direction. 

Philadelphia,  March  21.  1887. 
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Art.   XLVIIL — On  Photohromide  and  Photoiodide  of  Silver  ; 

by  M.  Carey  Lea,  Philadelphia. 

Photohromide  of  Silver. 

This  substance  is  formed  for  the  most  part  by  the  same  reac- 
ions  as  the  oorresponding  chlorine  salt. 

It  is  not  however  to  be  supposed  that  all  reddish-brown  sub- 
bances  resulting  from  the  action  of  reducing  agents  on  silver 
Tomide  are  the  photosalt.  By  reduction,  AgBr  may  yield  a 
rownish  colored  form  of  silver,  which,  mixed  with  unreduced 
LgBr  may  form  a  substance  resembling  the  photosalt,  but  hav- 
ig  none  of  its  properties.  The  two  are  easily  distinguished 
>y  the  action  of  cold  nitric  acid  which  added  to  a  brown  mix- 
are  of  AgBr  and  Ag  quickly  dissolves  the  silver  leaving 
^.gBr.     On  the  photosalt  it  has  no  action. 

A  beautiful  variety  of  photohromide  is  easily  obtained  by 
lissolving  silver  nitrate  in  ammonia  and  adding  it  to  ferrous 
(ulpbate  previously  mixed  with  solution  of  soda.  Then  KBr 
8  added  dissolved  in  dilute  sulphuric  acid,  until  the  mixture 
las  a  strong  acid  reaction. 

Sometimes  this  method  gives  immediately  a  fine  purple, 
sometimes  a  brown  product.  But  in  either  case,  after  washing 
ind  cautiously  heating  with  dilute  nitric  acid,  €i  beautiful 
purple  resulta  Much  care  is  needed  in  the  nitric  acid  treat- 
ment or  particles  of  yellow  bromide  will  form. 

A  specimen  obtained  in  this  way  gave  figures  indicating 
7*26  per  cent  of  subbromide.  Each  specimen  however  varies 
in  composition,  often  very  materially. 

I  subsequently  found  it  desirable  in  some  degree  to  vary  the 
method  and  to  determine  the  best  proportions  in  which  the 
materials  were  used,  to  obtain  a  constant  product.  That  which 
[  prefer  to  use  is  as  follows : 

Six  grams  of  silver  nitrate  are  to  be  dissolved  in  200  centi- 
meters cube  of  water  and  ammonia  added  until  the  precipitated 
Dxide  re-dissolves  easily.  Twelve  grams  of  ferrous  sulphate 
ire  dissolved  in  200  c.  c.  of  water  and  the  silver  solution  is 
poured  into  this.  Then  four  grams  pure  caustic  soda  dissolved 
n  50  c.  c.  of  water  are  added,  let  stand  a  few  minutes,  then 
Sve  grams  of  KBr  dissolved  in  a  little  water.  Finally,  dilute 
mlphuric  acid  until  the  whole  has  a  strong  acid  reaction. 

This  product,  well  washed  and  then  heated  cautiously  with 
aitric  acid  1*36  diluted  with  five  times  its  bulk  of  water,  gives 
photohromide  of  a  shade  of  royal  purple,  extremely  beautiful. 

Notwithstanding  its  fine  color  it  proved  to  contain  but  little 
lubbromide,  not  quite  one  per  cent  (0*98  p.  c). 

Various  other  methods  may  be  employed.     Silver  bromide 
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may  be  dissolved  in  ammonia  and  be  treated  first  with  ferrous 
sulphate  and  then  with  dilute  sulphuric  acid.  This  method, 
which  is  very  good  with  the  chloride,  is  less  available  for  the 
bromide  because  of  the  less  solubility  of  the  normal  bromide  in 
ammonia,  so  that  although  the  product  is  good  it  is  small  in 
quantity. 

Very  good  results  are  obtained  by  dissolving  silver  phos- 
phate, nitrate  and  probably  almost  any  other  salt  of  silver  in 
ammonia,  adding  ferrous  sulphate  and  after  two  or  three  min- 
utes, hydrobromic  acid. 

Potash  bromide  and  cupric  sulphate  may  be  made  to  act  on 
metallic  silver  in  fine  powder,  but  the  product  is  contaminated 
with  much  copper,  difficult  to  get  rid  of. 

When  AgBr  is  treated  with  sodium  hypophosphite  a  brown 
or  brownish  purple  form  of  j)hotobromide  is  obtained  which 
seems  to  be  more  easily  decomposed  by  nitric  acid  than  most 
other  forms  of  this  substance. 

Potash  or  soda  with  oxidable  organic  substances,  made  to 
react  on  silver  nitrate  and  then  treated  with  HBr  gives  the 
photobromide.  With  soda  and  milk  sugar  or  aldehyde  a 
rose-colored  or  pink  product  is  generally  obtained. 

Reactions. — In  strong  solution  of  potassic  iodide  it  dissolves 
and  this  solution  by  dilution  lets  fall  pale  yellow  normal  bro- 
mide. With  a  weaker  solution  it  becomes  somewhat  lighter  in 
color. 

With  acid  ferric  sulphate  there  is  no  action  in  the  cold,  but 
witli  a  few  minutes  boiling  the  photobromide  is  converted  into 
bright  colored  normal  bromide. 

In  sodium  hyposulphite  it  dissolves,  leaving  a  little  black 
residue  of  silver. 

With  ammonia  the  action  at  first  seems  slower  than  is  the 
case  of  the  corresponding  chloride  and  if  the  ammonia  is  poured 
over  the  photobromide  in  small  quantity,  it  may  seem  to  be 
without  effect.  But  the  photobromide  shaken  well  up  in  a 
test  tube  with  a  large  excess  of  ammonia  is  almost  instantly 
blackened. 

Exposed  to  lit^lit,  the  red  shades  of  photobromide  darken 
with  great  rapidity.  Placed  along  side  of  the  corresponding 
chloride,  the  contrast  is  very  striking: — a  strong  image  forms 
on  the  bromide  long  before  anything  appears  on  the  chloride; 
nevertheless,  if  these  two  films  are  thrown  into  a  developing 
solution,  the  chloride  on  which  nothing  could  be  seen,  gives  a 
vigorous  positive  development,  while  the  bromide  which  already 
showed  a  strong  positive  image  develops  a  negative  one.  The 
details  of  this  reverse  development  have  been  already  con- 
sidered in  another  paper. 

As  respects  the  direct  effect  of  light  unaided  by  develop- 
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ment,  the  contrast  between  its  action  on  the  normal  haloids 
and  on  the  photosalts  is  very  striking.  If  a  rose-colored  photo- 
bromide  and  some  normal  bromide  are  exposed  side  by  side 
the  normal  bromide  (formed  in  presence  of  excess  of  alkaline 
bromide)  darkens  but  very  slowly  while  the  photobromide  is 
quickly  acted  on.  I  have  seen  deep  purple  photobromide 
change  to  brown  all  oyer  its  surface  with  less  than  five  minutes' 
exposure-  to  diffuse  light  in  the  middle  of  a  room,  an  amount 
of  exposure  which  would  scarcely  have  produced  a  visible 
effect  on  normal  bromide  fonned  in  presence  of  excels  of  KBr. 

When  photobromide  is  exposed  to  the  spectrum,  it  shows 
the  same  difference  in  sensitiveness  and  darkens  more  rapidly 
than  photochloride.     But  it  gives  little  indication  of  color. 

When  exposed  under  colored  glass  photobromide  gave  dis- 
tinct indications  of  reproducing  colors,  but  much  less  favorably 
than  photochloride.  Under  green  glass  it  became  bluish,  under 
blue  greenish,  under  yellow  glass  it  bleached  and  under  red 
glass  the  red  of  the  photobromide  remained  unchanged. 

■ 

Photoiodide  of  Silver. 

The  most  characteristic  color  of  this  substance  seems  to  be  a 
fine  rich  purple.  It  is  obtained  in  much  the  same  way  as  the 
corresponding  chloride  and  bromide,  with  this  limitation,  that 
an  excess  of  alkaline  haloid  must  not  be  present,  as  the  photo- 
iodide is  quickly  destroyed  by  ir.  The  ioaine  salt  differs  much 
more  from  the  bromide  than  does  the  bromide  from  the 
chloride  and  two  striking  distinctions  are,  itf^easy  decomposi- 
tion by  its  own  alkaline  salt,  and  its  action  with  ammonia,  as 
will  appear  beyond. 

A  very  easy  and  satisfactory  method  of  obtaining  the  photo- 
iodide is  the  following:  Silver  is  to  be  reduced  from  the  nitrate 
or  chloride,  in  fine  powder  in  any  convenient  way ;  I  have  usu- 
ally employed  Level's  method.  To  a  solution  of  potash,  iodine 
is  to  be  added  until  the  liquid  becomes  almost  black.  This 
iodine  solution  is  to  be  diluted  and  poured  over  the  silver  by 
degrees,  keeping  the  silver  constantly  agitated,  until  the  whole 
mass  becomes  clear  bright  purple. 

Any  excess  of  silver  present  may  be  removed  by  boiling 
with  dilute  nitric  acid,  but  this  operation  requires  far  more 
circumspection  than  in  the  case  of  the  corresponding  chlorine 
and  bromine  products.  The  acid  (1*36  was  used)  must  be 
diluted  with  twelve  or  fifteen  times  its  bulk  of  watf  r,  and  the 
boiling  must  be  very  short,  otherwise  the  photoiodide  is  con- 
verted into  normal  yellow  iodide. 

Another  method  by  which  it  may  be  obtained  is  to  add 
ammonia  to  silver  nitrate  in  considerable  excess  and  to  pour 
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this  into  solution  6f  ferrous  sulphate.  Potassic  iodide  is  dis- 
solved in  vefy  dilute  sulphuric  acid  and  added  till  the  mixture 
has  a  sharp  acid  reaction.  It  is  necessary  to  observe  that  the 
KI  added  roust  be  somewhat  short  of  a  proportion  equivalent 
to  that  of  the  silver.  Anv  excess  of  silver  mav  be  removed  in 
the  manner  already  explained. 

Different  specimens  of  the  purple  product  in  this  way  ob- 
tained gave  various  amounts  of  Ag,I  from  0*64  per  cent  to 
4*68.  The  same  remark  made  as  to  the  meaning  of  these  deter- 
minations in  reference  to  the  other  haloids,  applies  to  this. 

The  method  of  roasting  silver  oxide  until  it  is  black  and 
acting  on  it  with  the  hydrogen  acid  of  the  halogen,  which 
works  well  in  the  case  of  the  chloride,  does  not  answer  well  for 
the  iodide. 

When  silver  iodide  is  boiled  with  solution  of  sodium  hypo- 
phosphite,  it  gives  a  brown  product,  evidently  indicating  that 
reduction  to  some  extent  has  taken  place ;  the  hypophosphite 
solution  may  or  may  not  show  traces  of  iodine.  The  color  of 
the  silver  iodide  may  show  a  very  marked  darkening,  and  yet 
the  solution  may  give  no  trace  of  iodine  by  the  most  delicate 
reagents. 

This  was  very  difficult  to  explain  until  I  found  that  silver 
iodide  has  the  property  of  taking  up  and  retaining  small  por- 
tions of  iodine,  a  reaction  not  very  surprising  in  view  of  the 
tendency  I  have  found  in  silver  haloids  to  take  up  foreign  sub- 
stances of  verv  various  natures,  and  also  of  the  facilitv  with 
which  iodine  is  taken  up  by  alkaline  iodides.  This  property 
in  silver  iodide  was  verified  by  shaking  up  pj^rtions  of  freshly 
precipitated  and  still  moist  Agl  with  iodine  solutions.  Alco- 
holic solution  of  iodine  diluted  until  it  has  a  pale  sherry  wine 
color  is  quickly  decolorized  by  Agl,  and  the  same  thinjj;  hap- 
pens with  a  very  dilute  solution  of  iodine  in  KI,  which  in  a 
few  minutes  becomes  as  colorless  as  water. 

This  reaction  I  found  particularly  interesting,  for  it  not  only 
explained  the  action  of  hypophosphite  in  the  case  just  men- 
tioned, but  also  gave  a  clue  to  the  cause  of  a  phenomenon  I 
observed  more  than  twenty  years  ago,  and  which  then  and 
long  afterwards  seemed  to  me  an  unanswerable  argument  in 
favor  of  the  physical  nature  of  the  latent  image. 

At  the  time  referred  to  I  formed  films  of  pure  silver  iodide 
*entirely  isolated  from  foreign  matter,  by  reducing  metallic  sil- 
ver on  plates  of  ground  glass,  iodizing  them  with  alcoholic 
^solution  of  iodine,  or  with  Lugol's  solution,  then  washing  most 
thoroughly  under  a  tap  for  hours.  When  these  films  of  silver 
iodide  were  exposed  to  light,  they  received  an  invisible  image 
which  could  be  developed.  But  these  invisible  images,  if  the 
lates  were  laid  aside  in  the  dark,  had  the  property  of  fading 
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,  -t  in  a  few  days  or  weeks,  then  could  no  longer  be  developed, 
*^V^t  the  film  coald  receive  a  fresh  image.  This  seemed  an 
^Xianswerable  proof  of  the  physical  nature  of  the  latent  ipage 
^Jb  least  on  silver  iodide.  The  argument  was :  If  the  produc- 
^>on  of  this  latent  image  is  the  result  of  chemical  action  involv- 
^>:ig  the  loss  of  iodine  by  the  silver  salt,  how  then  is  this 
iodine  recovered  when  the  image  fades  out?  If  it  is  formed  of 
^Vibiodide,  where  does  this  latter  substance  get  back  its  iodine 
Vd  return  to  the  normal  form,  as  it  unquestionably  does? 

No  answer  could  be  given  then  or  after,  and  this  experi- 
rdenty  repeated  and  confirmed  by  others,  has  always  seemed 
tilie  strongest  support  of  the  physical  theory.  When,  however, 
it  appears  that  silver  iodide  can  take  up  iodine  and  hold  it,  the 
Ciourse  matters  follow  becomes  evident.  By  the  action  of  light 
WL  very  small  quantity  of  subiodide  is  formed,  and  combines 
^with  the  normal  to  form  photoiodide.  The  iodine  set  free 
evidently  does  not  pass  off  but  remains  combined  with  neigh- 
\x)ring  molecules  of  Agl,  and  in  the  dark  gradually  re-combines 
^«?ith  the  photoiodide  re-converting  it  to  normal  Agl.  In  this 
retention  the  lower  tension  of  iodine  as  compared  with  bromine 
snd  chlorine  no  doubt  plays  its  part. 

In  thus  explaining  away  the  fading  out  of  the  latent  image 
on  silver  iodide,  the  last  argument  in  favor  of  the  physical 
theory  is  destroyed,  while  the  chain  of  proof  supporting  this 
iQCW  explanation,  that  the  latent  image  consists  of  normal  haloid 
combined  with  its  own  subsalt,  remains  unbroken. 

Reactions, — When  ammonia  is  poured  over  purple  photo- 
iodide of  silver,  the  color  quickly  passes  to  a  salmon  and  then, 
even  after  some  days,  seems  to  undergo  no  further  change.  Of 
separation  of  metallic  silver  as  in  the  case  of  the  corresponding 
chloride  and  bromide,  there  is  no  trace. 

In  sodium  hyposulphite  it  dissolves  slowly,  leaving  a  slight 
but  distinct  residue. 

Dilute  nitric  acid  mixed  with  dilute  solution  of  KI  slowly 
but  completely  converts  it  to  normal  silver  iodide. 

Light  acts  slowly  upon  it,  changing  the  color  to  greenish- 
gray. 

1  jjave  already  spoken  of  tlie  remarkable  manner  in  which 
light  acts  reversely  by  development  on  photobromide.  On 
photoiodide  the  effect  is  usually  the  same  as  on  photochloride, 
viz:  the  action  is  direct.  But  occasionally  it  reverses  and  the 
exposed  part  comes  out  lighter  in  development  than  the  part 
that  has  not  been  exposed.  In  this  respect  the  behavior  of  the 
iodine  compound  is  intermediate  between  that  of  the  chlorine 
and  the  bromine. 
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Note  in  Conclusion, 

The  investigations  of  which  the  preceding  pages  are  the 
result,  are  still  unfinished.  I  have  very  lately  observed  the 
formation  of  another  group  of  silver  haloids  quite  different 
from  the  photosalts.  The  members  of  this  new  group  are 
deeply  colored,  purple  or  red,  not  unlike  the  photosalts,  but  are 
sharply  distinguished  from  them  by  very  different  reactions. 
The  photosalts  are  unaffected  by  cold  strong  nitric  acid ;  these 
new  salts  are  by  very  dilute  acid  instantly  converted  into  a  pale 
pink  substance  which  appears  to  be  a  photosalt.  But  the  most 
striking  difference  is  in  the  action  of  ferric  chloride,  A  strong 
solution  of  this  substance  shows  no  action  with  the  photosalts 
unless  left  in  contact  for  many  hours  or  days.  But  these  new 
haloids  are  instantly  converted  by  it  into  what  is  apparently 
light  pink  photosalt. 

So  energetic  is  this  action  that  a  solution  of  ferric  chloride 
containing  one  part  only  to  a  thousand  of  water  quickly 
attacks  these  dark  purple  salts  and  decolorizes  them.  Such  a 
solution  might  remain  indefinitely  in  contact  with  the  sub- 
stances I  have  called  photosalts  without  affecting  them. 

Other  differences  exist.  So  far  as  I  have  yet  been  able  to 
observe  these  new  haloids  are  formed  pure,  whereas  the  photo- 
salts are  almost  always  contaminated  with  either  free  silver  or 
free  subsalt,  or  both.  As  yet  there  has  been  no  time  to  fix  with 
exactness  their  mode  of  formation  or  their  properties,  which  I 
hope  to  do  at  a  future  day. 

Philadelphia,  April  27,  1887. 


Art.  XLIX.  —  On  the  Meteoric  Iron  which  fell  near  Cabin  Creek, 
Johnson  County^  Arkansas^  March  21  th^  1886;  by  GeoroE  F. 
KUNZ. 

TuE  Johnson  County  meteoric  iron,  the  tenth  whose  fall  has 
been  observed,  is  of  more  than  ordinary  interest,  because  its 
fall  is  so  well  substantiated,  because  it  is  the  second  largest  mass 
ever  seen  to  fall,  and  again  because  it  fell  within  five  months 
of  the  date  of  the  9th*  recorded  fall,  that  of  theMazapil.     It  is 

♦This  Journal,  III,  vol.  xxxiii,  p.  221.  This  meteorite  was  first  mentioned 
before  tlio  Now  York  Miueraloprical  Club,  Feb.  2d,  (N.  Y.  Academy  {science, 
March),  and  full  details  will  be  printed  with  plates  figuring  both  sides  of  the  iron, 
natural  size,  in  the  Bulletin  of  the  National  Museum.  The  irons  whose  falls  hare 
been  recorded  thus  far,  ure:  Agram,  Croatia,  May  26th;  1871.  Charlotte,  Dickson 
Co.,  Tenn.,  Aug.  Isi.  1835.  Braunau,  Bohemia,  July  14th,  1847.  Tabarz,  Saxony, 
Oct.  18th,  1854.  Victoria  West.  Africa,  18G2.  Nejed,  Central  Arabia,  Spring  of 
1865.  Ncdagolla,  India,  Jan.  23d,  1870.  Rowton,  Shropshire,  England,  April  20, 
1876.     Mnzapil,  Mexico,  Nov.  27th,  1885. 

[It  appears  questionable  whether  the  4th,  5th  and  6th  in  the  list  should  be 
included,  since,  so  far  as  we  are  aware,  no  account  of  their  fall  has  been  pub- 
Jiflhed.— Kd8.] 
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almost  an  exact  counterpart  of  the  Hraschina  (Agram),  Croatia 
iron,  the  first  of  the  recorded  falls.  The  Agram  iron  fell  in 
two  fragments,  one  weighing  about  40*  and  the  other  about  9*, 
the  combined  weight  being  about  equal  to  that  of  the  Johnson 
County  iron. 

This  mass  fell  about  six  miles  east  of  Cabin  Creek,  John- 
son Co.,  Arkansas,  in  longitude  93°  17'  W.  of  Greenwich, 
latitude  35°  24'  North,  within  seventy-five  yards  of  the  house 
of  Christopher  C.  Shandy.  Mrs.  Shandy  states  that  about 
three  o'clock  on  the  afternoon  of  the  27th  of  March,  1886, 
while  in  her  house  she  heard  a  very  loud  report,  which  caused 
the  dishes  in  the  closet  to  rattle  and  which  she  described 
as  louder  than  any  thunder  she  had  ever  heard.  At  first  she 
thought  it  was  caused  by  a  bombshell,  and  ran  out  of  the  house 
in  time  to  see  the  limbs  fall  from  the  tops  of  a  tall  pine  tree, 
whioh/she  says,  stands  about  75  yards  from  her  dwelling.  She 
did  not  investigate  the  matter  until  her  husband  came  home 
about  six  o'clock  in  the  evening,  when  in  company  with  John 
B.  Norton,  their  hired  man,  they  went  out  to  find  the  cause  of 
the  noise  that  had  so  startled  Mrs.  Shandy.  They  discovered 
that  a  laige  hole  had  been  made  in  the  ground  by  some  falling 
object,  and  that  the  fresh  dirt  had  been  thrown  up  to  a  height 
of  thirty  feet  on  the  surrounding  saplings  and  trees.  They  dug 
down,  and  a  steam  or  exhalation  arose,  which  on  a  dark  night 
might  perhaps  have  produced  a  phosphorescence  similar  to 
that  described  in  the  case  of  the  Mazapil  iron.  The  iron  had 
buried  itself  in  the  ground  to  the  depth  of  three  feet,  and  the 
earth  around  it  to  the  thickness  of  one  inch  seemed  to  be  burned. 

The  ground  was  still  warm  when  the  iron  was  taken  out,  and 
the  iron  itself  was  as  hot  as  the  men  could  well  handle.  The 
weather  had  been  quite  cloudy  all  day,  but  no  rain  fell  until 
night.  These  facts  are  from  the  affidavits  of  Mr.  and  Mrs. 
Shandy  and  John  R.  Norton.  Mr.  Shandy  at  first  supposed 
that  their  find  was  platir)um,  then  silver,  and  he  finally  learned 
what  it  really  was  and  sold  it.  Mrs.  India  Ford,  Dr.  W.  J. 
Bleck,  Mr.  S.  A.  Wright,  Constable,  and  Mr.  L.  Wright,  Chief 
of  Police,  also  heard  the  report  caused  by  the  fall. 

The  noise  was  heard  75  miles  away  and  was  likened  to  a  loud 
report  followed  by  a  hissing  sound  as  if  hot  metal  had  come  in 
contact  with  water.  It  caused  a  general  alarm  among  the  people 
and  teams  of  horses  twenty  five  miles  distant  becoming  frignt- 
ened,  broke  loose  and  ran  away,  and  in  Webb  City,  Franklin 
Co.,  on  the  south  sicie  of  the  Arkansas  river,  a  number  of  bells 
kept  on  sale  in  a  store,  are  said  to  have  been  caused  to  tinkle. 
Caoin  Creek  is  on  the  north  side  of  the  Arkansas  river. 

Mr.  B.  Caraway  states  that  he  heard  two  loud  reports  at 
Alma,  Crawford  Co.,  at  8  o'clock  on  March  27th,  1886.     The 
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report  was  also  heard  at  Rassellville  and  in  the  adjoining  county 
of  Pope.  The  Democrat  of  that  place,  April  29th,  '86,  says: 
'*  The  wonderful  meteoric  stone  as  it  is  called,  but  erroneously, 
for  nothing  is  further  from  stone  than  it  is,  is  now  on  exhibition 
here.  We  looked  on  the  strange  thing  and  wondered  what  it 
was  and  where  it  came  from.  The  noise  it  made  when  it  struck 
the  earth's  atmosphere  on  the  27th  of  March  and  came  whizzing 
to  earth  near  KnoxviUe,  will  never  be  forgotten,  neither  wiU 
anyone  who  looked  at  it  ever  forget  it*'  A  description  of  the 
mass  then  follows.  The  Dardanelk  Post  of  April  1st,  refers 
to  the.  explosion,  and  the  issue  of  April  8th  suggests  the  meteor- 
ite found  as  its  probable  cause.  Mr.  B.  Caraway  who  visited 
the  spot  for  me  informs  me  that  the  pine  tree,  through 
which  the  meteorite  fell  is  107  feet  high,  and  that  the  dis- 
tance from  the  foot  of  the  tree  to  the  centre  of  the  hole  made 
by  the  mass  is  22  feet  3  inches.  The  limbs  on  the  west  side  of 
the  tree  were  broken,  and  the  meteorite  lay  in  the  hole  with 
the  flat  side  down.     The  hole  was  75  yards  from  the  house. 

Professor  H.  A.  Newton,  who  has  kindly  interested  himself 
in  this  matter,  says  that  the  data  furnished  indicate  that  the 
mass  must  have  fallen  nearly  from  the  zenith.  This  was  the 
direction  of  the  end  of  its  path,  the  earlier  portion  being  more 
inclined  to  the  vertical,  as  the  path  must  be  affected  by  gravity 
and  the  resistance  of  the  air.  .The  earlier  direction  must  have 
been  from  the  N.E.  and  more  nearly  from  the  East  than  the 
North. 

Mr.  Sliandy  sold  the  meieorite  to  Mayor  Caraway,  who  in 
turn  sold  it  to  Col.  J.  C.  Betten,*  a  lawyer  of  Eureka  Springs, 
of  whom  the  writer  obtiiined  it.  Colonel  Betten  bought  it  as  a 
business  speculation,  intending  to  realize  something  of  an  in- 
come from  its  exhibition.  While  in  his  possessiorj  it  was  ex- 
hibited at  Eureka  Springs.  Circulars  headed  *'The  Tenth 
Wonder  "  were  printed  and  circulated,  notwithstanding  the  fact 
that  the  authors  had  no  knowledge  of  the  number  of  irons  that 
had  been  seen  to  fall  and  that  this  was  in  reality  the  tenth.  It 
was  also  called  '*  veritable  wonder  that  was  seen  to  pass 
through  the  sky.  blazing,  sparkling,  etc."  Twenty-five  cents 
was  charged  for  admission  to  look  at  it  The  mass  is  in  general 
quite  flat  and  very  irregular,  resembling  strongly  a  mass  of 
molten  metal  thrown  on  the  ground  and  then  pitted.  The 
illustration  of  the  Agriimf  mass  figured  by  Von  Schreibers 
could  be  mistaken  for  the  upper  side  of  this  were  it  not  that 
this  is  larger.     It  measures  lii^  inches  (44:*^)    by  15^  inches 

♦  Affidavits  were  furnished  by  the  County  Clerk  and  the  Mayor  of  Eureka, 
as  to  the  irustworthinoss  of  Colonel  Betten  and  Mayor  Caraway. 

f  *•  Beitrage  zur  Geschichte  und  Kenntoiss  Meteorischer  Stein-  und  Metall- 
massen.''  by  Dr.  Carl  von  ikihreibers.  Wien,  1820.  folio,  plate  viii. 
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(89*™)  while  the  Agram  measures  15^  by  12  inches.     A  high 
ridge,  0  inches  high*  at  the  highest  point  (12*5^),  runs  throatrh 
the  center.     One  half  of  the  mass  is  not  over  3  inches  (7*5^) 
thick,  part  of  it  is  only  2  inches  (5*^),  and  aroand  the  edge  it 
is  only  one  inch  or  less.     It  is  only  exceeded  in  size  among  the 
irons  seen  to  fall  by  the  Nejed,  Central  Arabia,  now  in  the  British 
Mosenm,  which  fell  in  the  spring  of  1865  and  weighs  59*420 
kilos.     The  weight  is  107^  lbs.  (44*213  kilos),  and  it  is  intact 
with  the  exception  of  three  small  points,  weighing  not  more 
than  two  ounces  in  all,  which  were  broken  off.     One  of  these 
is  seen  in  the  etched  figure,  another  was  sent  lo  Professor  Clarke 
by  Colonel  Betten  to  be  analyzed,  and  the  third  piece  was  lost. 
The  two  sides  are  wholly  dissimilar.     (See  Plate  XIII.)*     In 
fact,  one  would  scarcely  supppse  that  they  belonged  to  the  same 
mass.     The  upper  side  is  ridged  and  deeply  dented,  while  the 
lower  side  is  flat  and  covered  with  shallow,  but  very  large  pittings. 
On  top  the  color  is  in  many  places  almost  tin-white  without  any 
ooating  whatever,  and  the  pittings  are  very  deep  and  usually 
quite   long,    like   finger    depressions,    made   in    potter's   clay. 
These  depressions  measure  from  2°^  to  4*^  and  from  1***  to  4^. 
This  side  is  remarkable  for  striae  showing  the  flow  and  burning 
and  all  running  from  the  center  toward  the  edge,  identical  with 
those  in  the  Rowton,  Nedagolla  and  Mazapil  irons,  but  on  a 
larger  scale.     Some  of  them  are  thinner  than  a  hair  and  yet 
twice  as  high  (like  a  high  knife-edge),  and  they  are  from  one 
to  four  inches  long.     In  one  space  of  5*™  twenty  are  arranged 
side  by  side,  and  on  one  small  part  which  is  black,  there  are 
50  lines  in  one  inch  of  space  (25™™),  all  running  in  the  same  di- 
rection.    Near  all  the  pointed  edges  the  fused  metal  has  flowed 
and  cooled  so  as  to  hang  like  falling  water.     The  striaa  and 
marks  of  flowing  are  around   the  edges  of  the  upper  surface, 
(Plate  XIII,   fig.  1.)      On    the   under   side  pittings  are  very 
shallow  but   much  broader,  one  depression,  apparently  made 
up   of  four   pittings   being   20°°  long  and   O^'^'  wide.     The 
whole  side  is  coated  with  a  black  crust,  1°™  thick  and  hav- 
ing  minute   round    bead-like   markings.     On    one  of  the   in- 
dentations   of    the   lower    edge   the   crust   has    a   strikingly 
fused   appearance  as  if  a  flame  had  been    blown  on  it  from 
the  other  side.     In  reality  this  edge  is  undoubtedly  the  place 
where  a  greater  amount  of  burning  took  place  when  the  body 
was  passing  through  the  air.     Seven  small,  bead-like  lumps, 
from  5"™  to  10"™  in  size,  which  are  visible  on  this  side,  are 
drops  of  metal  that  were  entirely  melted  and  flowed  and  cooled 
so  that  thev  resemble  drops  of  a  thick  liquid.     There  are  also 
to  be  seen  what  appear  to  be  cracks,  15  in  number  and  nearly 

*  The  figures  on  this  Plate  were  made  by  the  Ives  process  and  are  faithful  re- 
productions direct  fVom  the  photograph. 

Am.  Jodr.  Scl— Thibd  Skries,  Vol.  XXXII 1,  No.  IOS.^June,  1887. 
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M  thin  as  a  hair.     One  of  these  is  1<>~  long  and  extends  froE-^ 
the  hiehly   fosed   edpe  above  mentioDed  toward  the  c«it^^ 
The  otbera  are  from  3'^  to  5~  long.     These  are  to  ereol;  *■  -t 
ranged  that  the;  are  witboot  doobt  "  Reichenbach  lameUen     ' 
io  which  the  iaoer  troilite  has  been  bamt  ooL     If  £och  is  tbe 
case  thej  are  asabandant  asio  theStaaDton.  Va.,  meteoric  iroa. 
Oo  the  upper  side  ten  nodales  of  troilite  arc  exposed.  meaS' 
uring  from  33"^  in  diameter  to  55"  long  and  25""  wide     On 
tbti  tower  side  there  are  12  sach  nodales  exposed,  13*^  in  di- 
ameter,   while  the   largest   measares   19""  bj   5&™.     Oa  the 
Qpper  side  these  nodales  are  coated  in  spots  with  a  black  cran 
similar  to  that  foand  on  the  mass,  bat  on  the  lower  side  the 
crast  extends  completely  aronnd  the  side  of  the  nodoles,  show- 
ing the  fosion  veij  plainly.     The  troilite  is  very  bright  and 
fresh,  like  a  newly  broken  minerml,  and  on  the  opper  side  one 
of  the  nodales  shows  deep  striation,  suggesting  that  the  entire 
nodule  is  one  crystal  and  the  exposed   part  ia  only  one  side  of 
it.     In  some  cases  where  the  nodales  were  broken  they  were 
found   to  be  iridescent.     This  is  one  of  the  octahedral  iroos 
showing  the  W idmansiattcn  tigures  beautifully  on  etching  (see 


figure  Si.  and  is  one  o(  the  Caillite  groups  of  Stanislas  Meunier 
and  of  the  millltre  lao.dkn  of  Brezina.  The  lamellte  are  l™ 
wide  and  the  inarkings  more  closely  approach  the  Rowton*  and 
Mazaiiil+  irons.  Figure  4  shows  the  etching  on  tbu  surface  of 
the  unpolished  exterior,  there  being  no  crusL  The  lower  end 
of  the  figure  which  is  flai,  was  produced  by  the  haoimering  off 
of  the  (iiece:  bai  the  etching  is  really  finer  where  it  was  done 
on  the  natural  surface  of  the  iron.  The  specific  gravity  of  the 
small  piece  figured  is  "■77-3.  Troilite,  as  before  stated,  is  very 
abundant  iii  the  rimss.  Schreibersitc  and  carbon  have  also  been 
found  between  the  laminif.  Chlorine  is  present  only  in  slight 
quantity,  as  scarcely  any  deliquescence  has  been  observed. J 

The  following  is  a  compiirative  table  of  analyses  of  meteoric 
irons  most  nearly  approaching  this  in  composition: 

•  Meworiten  .•^ammlung  des  k.  k.  miner»lop aches  Holcabinet  in  Wien.,  8to, 
Wien.  1S85.  Plate  2,  flpire  1. 

fThia  .loiimaL  III.  vol.  iixiii,  p.  225,  fig.  2. 

JTLe  full  aoBlj-sis  of  Uiis  iron  made  by  Mr,  J.  E.  Wbilfield  will  be  given  in 
■D  article  following  this. 
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Gftbln  Creek.  Bstheryille.  Masapil.  Bowton.  Chftrlotte. 

(Whitfield.)  (Smith.)        (Maeklntoih.)  (PUjfht.)  (Smith.) 

Iron 91-87  9200  91*26  9125  91*15 

Nickel 6-60                       710                 7845  8582  805 

Cobalt trace                     0  69                0653  0*371  0*72 

PhosphoruB.  0*41                      0112              0-30  006 

€,  S,  etc  0*54  99*902  100038  100*203  99*98 

99*42 

From  the  fact  that  the  ridged  side  is  so  free  from  crust  and 
the  flat  side  so  thickly  coated  ;  that  the  ridged  side  is  covered 
with  striae  and  marks  of  flowing,  and  the  other  has  so  few 
marks  of  this  kind,  and  from  the  fact  that  at  the  edges,  espe- 
cially at  the  indentation  the  back  looks  as  though  a  flame 
had  come  from  the  other  side — ^from  all  these  facts  the  writer 
concludes  that  after  entering  our  space  the  iron  traveled  with 
the  ridged  surface  forward  (see  fig.  1,  Plate  XIII),  the  iron 
burning  so  rapidly  as  to  be  torn  off,  leaving  part  of  the  surface 
bright  The  flame  thus  passed  over  the  sides,  and  the  indented 
edge  being  downward,  the  flame  was  driven  upward  as  the  iron 
advanced.  The  flat  side,  not  being  so  much  exposed,  the  iron 
was  not  so  completely  consumed,  hence  a  crust  and  large  but 
shallow  pittings.  These  conditions  would  perhaps  have  been 
entirely  diflferent  had  the  mass  been  round  or  thicker,  for  it 
evidently  moved  as  straight  as  possible  without  rotating  at  all. 
That  it  was  found  in  the  hole  wiih  the  flat  side  down  was  due 
perhaps  to  the  fact  that  having  lost  its  impetus  it  turned  in 
falling,  or,  as  Professor  Newton  suggests,  it  may  have  been 
turn^  by  striking  the  tree,  and  then  have  fallen  downward 
almost  in  a  straight  line. 

As  the  iron  only  penetrated  to  a  depth  of  three  feet  (90*^) 
the  earth  where  it  struck  must  have  been  very  compact  and  the 
force  of  the  body  itself  nearly  spent.  The  Agram  iron  pene- 
trated 14  to  15  feet  (426-45(3^)  in  a  freshly  ploughed  field, 
which  shows  that  in  tne  case  of  that  meteorite  there  must  have 
been  considerable  force  left,  the  small  mass  falling  very  near  it. 
The  Mazapil  mass,  one  tenth  of  the  weight,  penetrated  only  12 
inches  (80«^). 

I  must  herewith  thank  Mayor  B.  Caraway  and  OoL  J.  C. 
Betten  for  information  furnished  me,  and  Professor  F.  W. 
Olarke  and  Mr.  J.  E.  Whitfield  for  their  courtesy  and  for  the 
analysis. 
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Abt.  L. — On  the  Johnson  County^  Ark,^  and  Allen  County^  Ky.y 

Meteorites ;  by  J.  Edwabd  Whitfield. 

1.  Johnson  County^  Ark. — A  fragment  of  the  Johnson  County 
meteorite  described  in  the  preceding  paper  by  Mr.  Kunz,  was 
received  by  Professor  F.  W,  Clarke,  of  the  U.  S.  Geological 
Survey,  from  the  former  owner,  Mr.  J.  C.  Betten,  of  Eureka 
Springs,  Arkansas.  This  fragment  weighed  a  little  more  than 
85  grams,  the  exposed  surfaces  were  oxidized,  the  oxide  of 
iron  extending  into  the  numerous  cracks,  in  some  cases  almost 
through  the  specimen.  The  trace  of  chlorine  found  will  account 
in  some  degree  for  this  oxidation. 

The  following  analysis  gives  the  composition  of  the  iron. 
The  loss  is  due  to  the  partial  oxidation  of  the  iron. 

Fe 91-87 

Ni 6-60 

Co trace 

S 0-06 

Combined  C 0-16 

P 0-41 

Mn trace 

CI « 

Insol.  in  HCl 034 


Specific  gravity  =  7-837.  99-42 

2.  Allen  County^  Ky, — This  meteorite  was  found  about  the 
middle  of  June,  1807,  by  Mr.  Jas.  H.  More,  while  hoeing  to- 
bacco, near  Scottsville,  Allen  Co.,  Ky.  In  shape  it  resembles 
a  wedge,  the  thickness,  at  base,  being  14^j  width  18*=°*,  and 
length  16"™;  the  mass,  as  found,  weighing  a  little  more  than  10 
kilos  and  having  the  characteristic  pitted  surface.  A  section 
shows  nodules  of  troilite,  varying  in  diameter  from  barely 
visible  points  to  about  l^"""".  The  markings  on  an  etched  sur- 
face are  exceedingly  fine  and  require  the  aid  of  a  lens  to  dis- 
tinguish them.  There  appear  to  be  two  sets  of  figures,  one  of 
long,  very  fine  lines  representing  octahedral  cleavage,  the  other 
series  being  smaller,  more  crowded  and  barely  perceptible. 
An  analysis  gave  the  following  composition  : 

Fe 94-32 

Ni 6-01 

Co trace 

S 0-34 

P 0-16 

Total  C 012 


Specific  gravity  =  7 -848  99-96 
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This  iron,  as  regards  markings  and  general  appearance  of  sec- 
tion, resembles  the  Scriba  and  Salt  River  meteorites  more  nearly 
than  any  others  represented  in  the  National  Museum  collection; 
but  as  no  complete  analyses  of  these  two  irons  are  at  hand  the 
chemical  comparison  cannot  well  be  made.  The  percentage  of 
iron  appears  rather  high,  bat  duplicate  determinations  gave 
corresponding  figures. 

The  material  for  analysis  was  received  by  Professor  Clarke 
from  Messrs.  Ward  and  Howell,  of  Rochester,  N.  Y.,  the  pres- 
ent owners  of  the  meteorite,  to  whom  we  are  indebted  for  the 
privilege  of  description. 

Chemical  Laboratory  of  U.  S.  Geological  Survey, 
Washington,  D.C.,  Feb.,  1887. 


Art.   LI. — Contributions  to  Mineralogy;    by  W.   E.   Hidden 

and  H.  S.  Washington. 

The  following  pages  contain  the  results  of  a  crystallographic 
examination  of  some  crystals  obtained  last  summer  at  the 
emerald  and  hiddenite  locality  in  Sharpens  township,  Alex- 
ander Co.,  North  Carolina.  The  crystals  were  nearly  all  highly 
polished  and  brilliant,  allowing  very  exact  determinations. 
The  measurements  were  all  made  on  a  Fuess  horizontal  goni- 
ometer with  two  telescopes.  As  a  rule,  the  mean  of  about  five 
of  the  best  results  are  taken,  though  in  several  cases,  as  in  apa- 
tite and  rutile,  the  fundamental  angles  selected  were  the  mean 
of  ten  or  more  determinations. 

Rutile. — The  particular  crystals  examined  are  of  the  rarest 
type  of  the  region  and  are  peculiar  to  the  pockets  and  veins 
bearing  spodumena  The  rare  basal  plane  on  the  rutile  and 
the  predominance  of  the  acute  rhom- 
bohedron  3i2(x303l)  on  the  associated 
quartz  crystals  are  good  indications  of 
tne  gem  variety  of  spodumene  in  Alex- 
ander County.  These  rutiles  are  gener- 
ally quite  small,  rarely  over  3°^  thick 
and  10°™  long,  but  the  polish  of  the 
planes  is  extremely  good.  They  are 
only  found  as  implanted  crystals,  and, 
besides  the  species  mentioned  above, 
are  commonly  associated  with  brown 
muscovite,  dolomite,  siderite,  pyrite, 
and  rareLy  beryl,  all  well  crystallized.  The  best  of  these 
crystals  came  from  pockets  in  the  gneissoid  rock  about  thirty 
feet  below  the  surface.     With  one  or  two  exceptions  of  clear, 
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roby-red  crrsuls.  thej  were  of  an  iron-black  color,  and  bril-  J 
liant  sabmetallic  lostre.  They  had,  osoallj.  the  basal  pinacoi<]& 
prominent  and  well  polished :  s  (111,  1)  and  e  (101.  l-i)  w 
also  prominent  The  annexed  firare  shows  the  most  interost 
ing  fcHin,  obaerred  in  two  crystal,  on  which  three  of  the 
planes  ocear.    The  planes  identified  were  as  follows : 

Pinacoid,  c«001,(^  pri8ms,o(100,i-i>,  maiO,  A  /  (810, 1-3"^-:: 
dome,  e  (101,  l-i).  pyramids  ii^(227,  f  X  ^112,  i)  ^^223,  |  — 
#(111,  1),  x^441,  4),  1(313,  1-3),  z  (321,  3-|)  ^^  r*(989,  1-f)^ 

Those  marked  with  an  asterisk  are  new  to  the  spedea.    iW^  s 
a  fondamental  angle  cy^t  (Oi^l  /^  111)  was  taken,  giving  as  a  me^ai^ 
of  fifteen  closely  agreeing  measarements, 

c^«  (001  ..  Ulf=41'  Vf  8'  .-.  a:  csl :  0-64435X 

Miller*  giving 

€  ^  #(001  ^  lll>=942*  Id'  U'  .  - .  a :  r=sl :  0'«44l 79. 

The  new  planes  of  the  onit  pyramidal  series  were  determined 
by  their  angles  on  c(001,  O),  The  agreement  between  the  ob- 
served and  calcalated  angles  is  as  follows : 

Cftlc.  Obserred. 

c>.c  001  ^  J2T  s=  14' 35'  14*36' 

c^A  001^112=s24*2S|'  14*  30^' 

e^S,  00W233  =  3l'  16'  31=  14' 

c  >^  X.  001  ^  444  =  74'  3d'  75*  (approz.) 

The  new  plane  7^9S9.  1  } »  was  observed  on  several  crystals 
replacing  the  edge  s^ilil  101).  It  furnished  the  following 
angles  : 

Calc.  Obeerred. 


-/ 


8  ^y,  (111^9^9)=  2'  42'  2=  57 

e^y.  (101  ^  &S9;=s25=  44'  25'  29' 

Some  of  the  best  observed  angles  are  here  tabulated,  with  the 
corresponding  calculated  angles,  from  the  fundamental  angl 
above. 

Calc  Obsenred. 

c^i,   001  -  111  =*42=  20' 8' 
Cvtf,    001  ^  101  =  32'  47i' 
c>s/,    001^313=  34'  11' 
8^e,    HI  >^  101  =  2S"-  26' 
t^e.    313^  101  =  10'  14' 
8^t,    111  ^313  =    18'  12' 
e^e:  101  .kOII  =  45'  2' 
e^e/  101  >^  l01=  65'  34' 
f  >^^,    101  ^321  —  41'  43i' 

Of  very  exceptional  beauty  as  cabinet  specimens  were  the 
crystals  of  nitile  found  at  a  depth  of  forty-three  feet  in  the 
shaft,  just  west  of  the  excavation  which  yielded  the  crystals 
above  described.     The  pocket  was  10x2x6  feet,  and  its  walls 

*  Pha  Mmg.,  irii  268.  1S40. 
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re  covered  with  beautifully  crystallized  muscovite,  quartz, 
:omite,  siderite,  apatite  and  rutile.  All  the  contents  of  this 
ge  pocket  had  a  tnin  chloritic  coating,  which  could  easily  be 
aoved,  in  most  instances  as  a  very  friable  shell.  The  rutile 
libited  twinning  according  to  both  the  known  laws,  and 
en  both  were  to  be  noticed  in  the  same  crystal.  Crystals 
th  geniculated  members  of  from  1  to  2*""  long  and  5"*°*  thick 
re  not  uncommon,  and  a  few  simple  crystals  were  6*°*  in 
tgth  and  V^  in  thickness.  All  were  terminated  with  well  pol- 
ed planes,  ^(111)  and  e (101)  being  dominant  The  dolomite 
also  the  siderite  crystals  showed  only  the  unit  rhombohedron 
d  basal  pinacoid.  These  planes  were  very  flat  and  well  pol- 
led, no  curvature  of  the  planes,  as  is  peculiar  to  the  species, 
ing  observed.  The  rhombohedral  face  was  striated  horizon- 
ly.  Twins  of  dolomite  were  common  and  calcite  crvstals 
tre  observed  in  parallel  position  on  the  rhombohedral  face 

several  instances.  One  of  the  dolomites  measured  nearly 
^  on  its  edges  and  was  a  very  exceptional  example  of  the 
Msies.  In  this  pocket  were  found  a  few  apatite  crystals  of 
usQal  perfection,  and  these  we  notice  in  detail. 
A.PATITE. — It  was  plainly  evident  from  their  loose  attach- 
!nt  and  perfection  of  form  that  these  crystals  were  the  last 
stallizaiion  of  the  pocket  For  the  most  part  they  were 
her  long,  slender  prisms,  15  to  25°^  by  2  to  4"™,  of  a  pale 
lish  green  color  and  transparent.  A  sort  of  parting  parallel 
^he  base  was  quite  noticeable,  and  the  terminations  were  often 
;hly  modified,  though,  as  a  rule,  only  with  the  more  common 
nes.  In  one  corner  of  the  pocket  a  small  group  of  musco- 
e  crystals  was  found  which  had  implanted  on  them  a  few 
•y  brilliant,  wine  yellow,  transparent,  lenticular  crystals  of 
itite.  They  were  of  an  entirely  different  habit  from  the  rest 
the  apatite  found,  and  one  of  these  we  have  selected  for 
asurement  and  description.  The  particular  crystal  examined 
3  quite  small,  about  2°*'°  in  diameter,  and,  with  the  exception 
part  of  one  side,  where  it  was  attached  to  the  mica  by  the 
3m,  was  almost  perfectly  developed  both  above  and  below. 

habit  is  almost  unique,  Schrauf  *  only  figuring  one  crystal 

28,  xx)  at  all  similar.  The  pyramids  r  (1012,  |),  x  (lOH,  1), 
1  ^(1121,  2-2)  predominated,  while  the  prisms  were  nearly 
ent     Another  interesting  fact  in  regard  to  this  crystal  is 

occurrence  of  both  hemihedral  prisms  A  (2150)  and  h^  (1230). 
B  planes  observed  were  as  follows : 

Jasal  pinacoid,  c  (0001,  0),  prisms,  m  (1010,  /),  a  (II2O,  i-2), 
1150,  1-3),  AX1230),  pyramids,  r(10I2,  i),  x(lOIl),  y(202l,  2), 
031,  3),  t;(ll22,  1-2),  «(ll2l,  2-2),  dihexagonal  pyramids, 
l3l,  8-1),  i(2l32,  fl)  and  o(31i2,  2.J). 

*  Atlas  der  Krystallformeii,  Plates  x?iii  to  xx. 
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ning  plane  .<  {II2I, 
the  most  reliable  : 


3:if  =  12'45i'  12'  15'«approx.) 

£  3m-1.,  r(2MlX  m:2132),  o(31i2)  a  -»^ 
K  '21'0'  were  small  and  gave  rather  P^^^^^f 
images,  but  the  other  planes  were  vr  ^^^ 
polished  and  gave  good  results. 

What   is  probably  a   cruciform   \.W^^ 
01  aoaiite,  from   this  locality,   was  also 
examined.     It  was  composed  of  two  sl^^^ 
der,  pale  bluish  green  crystals.     The  fig- 
ure  shows   the   only   occurring    planes. 
One  crystal  was  slightly  displaced  from 
the  other,  but  the  prisms  of  both  were 
perfectly  parallel.     The  following  meaa- 
urements  were  made,  giving  as  a  twin- 
2-2).     The   tirst   two    measurements   are 


a»^  /v  (jj^  =  68'  28',  griving  twinning  plane  /s  a  =  34**  14' 

5"^  ^5,'^  =  63^  51'.       ••  '   "  "       ^a  =  34'26' 

wr   -m]  =92M5'.       ^*  "  *'       ^a  =  33'32' 
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This  case  is  interesting  as  being  the  first  recorded  case  of  a 
twin  in  the  species ;  the  agreement  between  the  measured  and 
calculated  angles  makes  it  seem  improbable  that  the  occurrence 
is  accidental. 

Bebtl.  —  Together  with  crystals  of  emerald-spodumene 
(hiddenite)  found  in  one  pocket  at  this  same  locality  was  a 
clear  white  beryl,  about  1™  by  ■7'™.  This  was  also  examined, 
and  a  basal  projection  is  given  in  figure  5.  It  shows  the 
rather  rare  plane  (/(33ti4,  |  2),  which  gave  the  following  angle: 
c^d,  0001 /v 3364  =  calc,  36°  i8',  =  ob3erv.,  37"  7'  approx. 

On  another  larger,  clear  white  beryl,  a  plane  which  is  ap- 
proximately represented  by  the  symbol  yi(8-7-15'6,  J-V-)  was 
observed  in  the  zone  j,n;)' (II2I  a12j0).  It  was  determined 
by  the  following  angles : 

Calc  Obeerred. 

a~t,  l)ai*8'7-I5'6     39°  31'  39*  20' (approi.) 

0-^,  123l^81l6-6      8*  «'  9'  (approi.) 

On  the  same  crystal  a  plane  was  observed  replacing  the  edge 
»/a(llil/ll20).  It  has  approximately  the  symbol  8''8-718*8, 
24^.  It  was  determined  by  the  following  angle:  (^  7'(0001,s 
8-716-8)  =  48°  45'  calc,  48°  46'  observed. 


It  is  noteworthy  that  the  highly  modified  beryls  of  this 
region  only  occur  rarely  and  when  associated  with  spoda- 
mene  or  albite.  Another  interesting  feature  is  that  white  or 
very  pale  greenish  beryls  are  found  with  the  deepest  green 
spodumene.  It  has  before  been  noted  that  the  quartz  and 
beryl  of  Alexander  Co.  are  more  highly  modified  when  they 
are  implanted  on  the  feldspathic  layers  of  the  walls  of  the 
pocketB.  Two  emerald  beryls  were  examined  which  were 
found  in  1881,  at  a  depth  of  34  feet,  in  a  little  pocket  whose 
walls  were  almost  wholly  covered  with  crystals  of  albite 
twinned  parallel  lo  the  base.  Only  four  emeralds  were  found, 
and  they  averaged  about  1°"   in  the  three  dimensions.     The 
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yytkgsL  w^A  fr«e  f^jc:  all  *i«ee>cspcsi:ion  whaterer.  The  crystals 
re  o[  2Coi  ^x-  c  :xat:L;»r&npau  asd  had  the  commoner  planes 
"  pC'L2Bt-»iL  Tzjty  difT-fred  ;o  jome  extent  in  habit,  and  fig- 
zjT^s  4  xzd  7  «£ov  i£«  occi3rr:cig  plaoes  on  two  of  them,  though 
ihft  rerrll-xcs  are  aach  exaggerated,  and  the  basal  pinacoid 


rli^es  were  as  follows: 


2  5.  4**  IT-Mi  ^.   p'lMil.   li  iii2t>51,  2),   n(3m,  H), 


3111.  54 .  2*  ^T  :T  7.  ^^V^s.  ii42-31.  0-f),  2(42«3,  24). 

Tbe  p^ne  ^'7*1^7'  wais  rounded  sioccewhat,  as  was  the  case 
wizL  '5'4'&~4^  octfenred  by  vom  Bath.  This  plane,  new  to  the 
spenesL  an*!  whose  «ymco!  can  be  regarded  as  only  approxi- 
riaielj  ie^nniiaed,  gare  the  following  angles: 


I  -  x'.  5-T-:l-T  .  T-i-li-T  =  3*  IT"  3*  SC  (apprax.) 

I  .  X.     :ii:      -.  5-Ill-T  =  2' 33'  1'5<K 

Tbe  new  pjraniid  of  the  first  series  was  determined  as  follows: 

r  ^«.  M#l  .  1^1-11  =  r  45'  ale:     V  iV  obeerred. 

A  lUt  of  the  angles  observed  with  the  corresponding  ones  cal- 
culated from  Kokscharofs  measorements  is  here  given: 

CaknUted.  Obserred. 


y-M  .  :o-::  =  2&'  b^' 

25»    56' 

:  -  *. 

c«"-: .  20:::  =45  2t' 

49    6' 

,•  .  « 
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44'  52' 

".  *  «. 

:•;■:•■• .  11:1  =  52^  iv 

52'  7' 

',    -K       . 

lOIv  -  2i".l=3T'  42*' 

37'  39' 

•-,  .  fi. 

:'>:0^3l4l  =  l^^'  54^' 

28*  55' 

J  -  c. 

1120  -  42'*.  =21'  5' 

2r  4' 

^^ei 


It  was  a  Lotewonhv  fact  that  on  all  these  beryls  the  prism 
r/i«10-0)  wa<  perfectly  sraooth.  while  the  prism  a  (II2O)  was 
etched  over  the  whole  surface  with  shallow  isosceles-triangular 
pits,  apex  up  and  broader  than  high. 

Tourmaline. — Some  well  polished  black  crystals  were  found 
implanted  in  cavities.  They  gave  such  excellent  measurements 
that  the  comparis<:)n  of  the  results  obtained  from  them  with 
those  of  Des  Cioizeaux  is  not  without  interest 

H.  S.  W. 
u  :  r  =  1 :  089905 

-^/i^  -;/^iTilOl2.  1102»=r47*  1'  45' 
— iA*^i^  (1012 -01 14)  =  23'  30' 

oli?  (0001  >s0111)  =  46'  4' 

B^R  (0111  >vl011|  =  77'  11' 

R^-iR  (Olll^  10l2)  =  38'' 35' 

The  largest  crystal  was  only  6""  long  by  12°^°  thick.  Some 
:ew  were   noticed  to  be  hemimorphic  in  the  terminal  planes. 


tes  ' 
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The  basal  pinacoid  was  rare,  — i^,  iiZand  R  predominated. 
One  crystal  was  terminated  almost  wholly  by  \R. 

«  Quartz. — Vom  Raih  has  already  called  attention  to  the  oc- 
currence of  the  plane  k^  =  (4l30)  t-^  on  quartz  crystals  from 
Alexander  County,  North  Carolina.*  Its  best  development 
seems  to  have  been  found  on  crystals  from  the  gem  mme,  in 
Sharpens  township.  Thus  far  this  plane  has  been  described  as 
**  a  hemihedral  twelve-sided  prism,'*  and  its  fine  vertical  stria- 
tion  and  often  observed  right-angled  intersection  with  the  trap- 
ezobedron  4-|  (4i3l)  at  once  characterized  it  and  made  it  easily 
recognized.  Quite  recently  we  have  obtained  several  crystals, 
from  this  same  locality,  which  apparently  presented  this  plane 
holohedralj  in  pairs  on  each  consecutive  prismatic  edge,  instead 
of  on  alternate  edges  as  before  noted. 

Vom  Bath's  mea^iureraents  gave  as  the  angle  of  k^^g{I) 
13°  52'  (calculated  13**  540,  while  we  found  i',AA,  adjoining 
=  31°  (calculated  32°  12').  One  of  the  new  crystals  (8x4i«°) 
exhibited  this  rare  plane  13°'°'  wide  and  19"^  long. 

We  add  also  to  this  paper  notices  of  a  new  plane  on  topaz 
and  a  twin  of  corundum. 

Topaz. — This  was  a  clear  white  crystal  of  about  1x2^, 
which  was  sent  to  us  from  the  noted  locality  near  Zacate- 
oas,  Mexico,  where  they  are  found  in  the  detritus  of  trachyte 
very  similar  to  the  occurrences  in  Utah  described  by  Ailing  f 
and  in  Colorado  by  Cross.  This  crystal  had  the  usual  habit  of 
topazes  from  Durango.  Ee placing  the  solid  angle  formed  by 
110,  1^0,  and  201,  there  was  observed  a  new  plane  which  has 
the  symbol  (701,  7-i).  A  comparison  of  its  observed  and  cal- 
culated angles  is  here  given  : 


Calculated. 

Observed. 

001  A  701 

80** '58' 

SV  6' 

110^101 

8"  29i' 

8' 31' 

Corundum. — A  twin  of  corundum  was  found  among  a  lot  of 
gem  material  received  from  Ceylon.  Its  high  polish  and 
twinned  form  are  features  rarely  observed  in  the  speciea  It 
was  of  a  clear  grayish  blue  color.  Both  basal  pinacoids  were 
present  and  were  highly  polished.  The  angle  observed  be- 
tween the  two  was  114°  20',  giving  as  a  twinning  plane  the 
unit  rhombohedron. 

♦  Sitzungsberichte  der  NiederrheiD.  Gesellsch.  1  Nat.-u.  Heilkunde,  6  July, 
1S86.    Zeitschrlft  far  Erystallographie,  etc.     xii,  466. 
t  This  Journal,  III,  xxx,  146,  1887. 
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SCIENTIFIC    INTELLIGENCE. 
L    Chemistry  and  Physics. 

1.   On  the  deeomponiion  of  Potassium  chlonite  by  heal. — At 
the  soggestion  of  Thorpe,  Frankland  (P.  F.)  and  Ddigwau 
have  stodied  the  decomposition  which  potassium  chlorate  under- 
goes when  heated,  extending  their  observations  also  to  the  per- 
chlorate.     In  the  first  series  of  experiments,  the  chlorate  was 
heated  over  a  naked  flame,  different  quantities  of  oxygen  being 
driven  off  in  each  experiment  and  determined  by  loss  of  weight. 
The  chloride  formed,  as  well  as  the  chlorate  remaining,  were 
also  determined.      In  the  first  two  experiments,  2*66  and  5*19 
per  cent  of  oxygen  (calculated  on  the  weight  of  KCIO,  taken| 
were  evolved   respectively.     And  the  decomposition  proceeded 
according  to  the  equation  (KC10,).=(KClOJ,+(KCl),+(0,)^ 
In  the  third,  in  which  6*47  per  cent  of  oxygen  was  evolved,  the 
reaction  was  intermediate  in  Us  results  between  the  above  equation 
and  (KOlO,)„=(KClOJ.4-(KCl),+(0.),.  Since  there  was  no  guar- 
antee  in  these  experiments  that  the  reaction  was  not  complicated 
by  the  decomposition  of  the  perchlorate  at  first  fbrmed,  the  authors 
made  a  second  series  of  experiments,  selecting  as  the  temperature 
that  of  boiling  sulphur,  since  at  this  temperature  the  perchlorate  is 
not  decomposed.     The  decomposition  was  at  first  active,  but  soon 
became  sluggish.     lu  one  experiment  5*3345  grams  of  chlorate 
exposed  in  the  sulphur  bath  for  98  hours,  lost  116*6  milligrams 
during  the  first  five  hours,  and  only  8  milligrams  during  the  last.    , 
In  the  first  two  experiments,  in  which  6*89  and   6*78  per  cent  of3 
oxygen  were  respectively  evolved,* the  reaction  took  place  nearly^^ 
in  accordance  with  the  second  of  the  above    reactions.     In  th< 
third  experiment,  powdered  glass  was  mixed  with  the  chlorate 
and  then  the  decomposition  was  almost  complete,  14*3  per  cen 
of   oxygen    being   evolved,    nearly    according    to    the    formal 


(KCld,),  =  KC10,+KCl+0,.    Hence  the  decomposition  of  potas  - 
slum    chlorate    by   heat    more   nearly    approaches   the    equatiowj 
(KC10,),=KC10^+KCl+0,  in  proportion  as  this  decomposition n 
is  more  complete.     In  experimenting   with  perchlorate,  definite 
portions  were  heated  over  a  naked  flame  in  a  piece  of  combustion 
tube  sealed  at  one  end  and   loosely  plugged   with   glass-wool  at 
the  other,  a  different  proportion  of  oxygen  being   liberated  in 
each  experiment.     In  the  residue  the  proportion  of  chloride  to 
chlorate  was  detemiined.     The  results  when   tabulated   form  a 
continuous  series ;   the  proportion  of  chlorate  formed  diminishes 
as  the  oxygen   evolved   increases,   while  the  chloride  produced 
increases.      \Vhen  the  oxygen  set  free  was  8  7 7  |>er  cent,  the  chlo- 
rate formed  was  24*85  per  cent  of  the  perchlorate  employed;  but 
when   36*81   per  cent  of  oxygen  was  evolved,  the  chlorate  was 
only  5*27  per  cent.     Heating  the  perchlorate  in  sulphur  vapor, 
when  previously  mixed  with  MnO„  resulted  in  a  complete  decom- 
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poeitioo  according  to  the  equation  KC10^=KCl+(0,),.  To 
aemonstrate  beyond  question  this  formation  of  chlorate,  the  per- 
chlorate  was  heated  until  it  lost  about  10  per  cent  of  its  weight, 
then  dissolved  in  water  and  fractionally  crystallized.  The  third 
fraction  contained  41-68  and  the  fourth  42*91  per  cent  of  chlorate. 
— J.  Chem.  SoCy  li,  274,  March,  1887.  6.  f.  b. 

2.  On  the  Influence  of  Silicon  on  the  Properties  of  Iron  and 
Steel. — Turner  has  made  experiments  at  the  South  Staffordshire 
Steel  and  Ingot  Iron  Company's  works  at  Bilston,  to  determine 
the  influence  which  silicon  exerts  upon  the  properties  of  iron  and 
steel.  A  small,  modified  Deville  furnace  was  erected  on  the  plat- 
form between  two  Bessemer  vessels.  The  crucibles  used  were  of 
Stourbridue  fire  clay,  and  were  capable  of  holding  about  35 
pounds  of  steel.  After  the  necessary  annealing  the  pot  was 
placed  in  the  furnace  and  raised  to  about  the  melting  point  of 
cast  iron.  A  few  minutes  before  the  mixture  was  to  be  made,  a 
weighed  quantity  of  silicon  pig  was  introduced  into  the  crucible 
and  the  temperature  was  increased  by  turning  on  more  blast. 
At  the  right  moment  the  crucible  was  rapidly  removed  from  the 
furnace  and  brought  to  the  mouth  of  the  converter,  while  at  the 
same  time  a  ladle  of  metal  was  drawn  from  the  vessel.  This 
was  poured  into  the  crucible  and  the  metal  well  stirred  by  means 
of  a  rod  of  basic  steel.  After  cooling,  the  crucible  was  broken 
and  the  ingot  numbered.  Each  ingot  was  submitted  to  mechan- 
ical tests  and  was  carefully  analyzed.  The  author  concludes  that 
on  adding  silicon  in  the  form  of  silicon  pig  to  the  purest  Besse- 
mer iron,  the  metal  is  quiet  in  the  mould  even  when  only  a  few 
hundredths  per  cent  of  silicon  is  added.  The  metal  is  originally 
red-short,  especially  at  a  dull  red  heat,  though  it  works  well  at 
a  welding  temperature;  the  red-shortness  being  increased  by 
silicon.  In  all  cases  examined  the  metal  was  tough  cold  and 
welded  well,  the  silicon  having  little  or  no  influence.  Silicon 
increases  the  elastic  limit  and  tensile  strength,  but  diminishes 
the  elongation  and  the  contraction  of  area,  a  few  hundredths  per 
cent  having  a  remarkable  influence  in  this  respect.  The  appear- 
ance on  fracture  by  tensile  force,  is  changed  from  finely  silky  to 
crystalline,  while  the  fracture  produced  by  a  blow  gradually  be- 
comes more  like  that  of  tool  steel  as  the  silicon  increases.  The 
hardness  increases  with  increase  of  silicon,  but  appears  to  be 
closely  connected  with  the  tenacity.  With  0*4  per  cent  of  silicon 
and  0*2  per  cent  of  carbon,  a  steel  was  obtained  difficult  to  work 
at  high  temperatures,  but  tough  when  cold,  capable  of  being 
hardened  in  water,  and  giving  a  cutting  edge  which  successfully 
resisted  considerable  hard  usage. — I.  Chem,  Soc,  li,  129,  Febru- 
ary, 1887.  G.  F.  B. 

3.  Agriculture  in  some  of  its  relations  with  Chemistry ;  by 
F.  H.  Storbr,  S.B.  A.M.,  Prof.  Agric.  Chem.  Harvard  Univers- 
ity. Two -volumes,  530  and  510  pp.,  8vo.  New  York,  1887 
(Scribner's  Sons). — ^This  work,  by  the  able  Professor  of  Agri- 
cultural Chemistry  in  Harvard   University,  is  a  contribution,  of 
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high  scientific  value,  on  practical  agriculture.     The  author  undei 
stands  his  suhject  through  all  the  wide  range  of  requirement 
and  largely  as  the  result  of  personal  investigation  and  expei 
mental  trials.     He  commences  with  the  relations  of  soil  and  ai^S 
to  the  plant,  treats  of  the  atmosphere  as  a  source  of  plant 
of  movements  of  water  in  the  soil,  of  tillage,  of  the  wide  subji 
of  manures  or  fertilizers,  as  to  kinds,  preparation,  effects,  ooi 
ditions  of  use,  materials  in  the  soil,  nearly  500  pages  being  d^^ 
voted  to  these  and  related  topics ;  also  of  the  rotation  of  crop*-  4 
the  character  and  needs  of  various  kinds  of  farms,  farming  ai^  ^ 
crops.     The  work  is,  hence,  one  for  the  practical  farmer,  ttx^ 
landscape  gardener  and  the  student  of  scientific  agriculture,  ao^/ 
also  for  the  large  class  not  farmers  who  like  to  know  what  is 
going  on  in  their  cultivated  grounds,  and  what  are  the  best 
methods  of  improvement.     Professor  Storer's  Preface  gives  high 
praise  to  the  work  and  works  of  Professor  S.  W.  .Johnson,  of 
^ew  Haven;    and  the  opinion  expressed  we  know  to  be  fully 
reciprocated  by  the  agricultural  department  at  Yale,  with  refer- 
ence to  the  labors  of  Professor  Storer  of  Harvard. 

4.  Studies  from  the  Lcbboratory  of  Physiological  Chemistry^ 
Sheffield  Scientific  School  of  Yale  University^  for  the  year  1885- 
86.     Edited  by  Professor  R.  H.  Chittbnden,  Ph.D.     v  olume  U, 
236  pp.  8vo.     New  Haven,  1887.     ^rom  the  Transactions  of  the 
Connecticut  Acadeuiy,  vol.   vii.) — This  volume,  like  its   prede- 
cessor, noticed  in  the  Journal  for  August,  1886,  bears  witness  to 
the  unusual  degree  of  activity  in  original   research  in  Professor 
Chittenden's  laboratory.     The  papers  contained  in  it  are  ten  in 
number.     The  first,  on   globulin   and   glqbulose   bodies,  and   the 
second,  on  peptones  (republished  from  the  Zeitschrift  fUr  Biologic) 
are  by  Professors  Kuhne  (Heidelberg)  and  Chittenden,  and   form 
a  continuation  of  previous  work   by  the  same  authors  upon  albu- 
mose  bodies,  and  at  the  same  time  are  a  commencement  of  a  study 
of  the  various  primary  cleavage  products  formed  by  the  action  of 
pepsin  from  the  purer  albumins.     The  other  papers  are  upon  a 
variety  of  more  or  less  closely  related  topics,  the  dehydration  of 
glucose  in  the  stomach  and   intestines,  by  Professor  Chittenden ; 
on   the  influence  of   uranium  salts  on  the  amylolytic  action  of  sa- 
liva, and  the  proteolytic  action  of  pepsin  and  trypsin,  by  Professor 
Chittenden  and  M.  T.   Hutchinson;  the  relative  distribution  of 
antimony  in  the  organs  and  tissues  of  the  body,  also  on  the  influ- 
ence of  antimonious  oxide  on  metabolism,  by  Professor  Chitten- 
den and  Joseph  A.  Blake,  and   a  number  of  others.     It   has  not 
often  been  possible  for  a  laboratory  to  give  to  the  world  within 
a  short  period  so  important  a  series  of  contributions  as  are  con- 
tained in  these  two  volumes. 

II.    Geology  and  Natural  History. 

1.   To  all  American  Geologists, — At  a  meeting  of  the  Amer- 
ican  Committee    (elected    by  the   Standing   Committee   of  the 
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Amencan  Assbciation  for  the  Advancement  of  Science  to  repre- 
sent American  Geology  in  the  International  Congress  of  Geolo- 
gists) held  in  Albany  on  April  6,  there  were  present,  Professor 
James  Hall  (President),  Professors  Hitchcock,  Stevenson,  Wil- 
liams, Winchell,  Cook,  Cope  and  Frazer  (Secretary).  Professors 
Smerson  and  Smock,  Clarke,  Dr.  Rominger  and  Mr.  Beecher 
were  invited  to  be  present  at  the  sessions  of  the  Committee.  By 
unanimous  vote  Mr.  W.  J.  McGee  was  invited  to  take  the  place 
of  Major  Powell,  who  was  prevented  by  sickness  from  attending. 

The  Secretary  announced  that  there  had  been  forty-five  sub- 
scribers for  fifty  copies  of  the  geological  map  of  Europe. 

A  motion  was  adopted  abolishing  the  Committee  of  the  Whole 
and  its  ofiicers,  and  entrusting  the  duty  of  preparing  reports  on 
the  separate  divisions  of  the  geological  column,  to  eight  Report- 
ers, wno  were  thereupon  unanimously  elected  (see  card  to  Geol- 
ogists below). 

The  following  was  adopted  by  the  Committe :  Resolved^  That 
we  recommend  to  American  geologists  the  acceptance  of  the  con- 
clusions of  the  International  Congress,  said  changes  to  be  form- 
ulated at  a  subsequent  meeting  of  the  Committee ;  and  it  being 
understood  that  the  Committee  will  present  such  additions  as 
are  deemed  necessary  by  American  geologists,  to  the  Congress 
of  London  in  1888. 

2.  International  Congress  of  Geologists  —  Ame^ncan  Com- 
tnittee.  Philadelphia,  April  22,  1887. — At  the  recent  meeting  of 
the  American  Committee  in  Albany,  "  Reporters"  were  elected, 
whose  duty  is  to  prepare  reports  on  the  several  parts  into  which, 
for  convenience,  tne  geological  column  has  been  divided.  The 
assignment  is  as  follows :  Quaternary,  Recent,  ArchsBology, 
Major  Powell,  D'r  XJ.  S.  G.  S.,  Washington,  D.  C. ;  Cainozoic 
(Marine),  Professor  E.  A.  Smith,  State  Geol.  Univ.  Ala.,  Tusca- 
loosa; Cainozoic  (Interior),  Professor  E.  D.  Cope,  2102  Pine  St., 
Philadelphia  ;  (Mesozoic),  Professor  Geo.  H.  Cook,  State  Geol. 
Rutgers  Coll.,  New  Brunswick,  N.  J. ;  Upper  Palaeozoic;  Car- 
bonic, Professor  J.  J.  Stevenson,  Univ.  City  of  New  York,  N.  Y. ; 
Devonic,  Professor  H.  S.  Williams,  Cornell  Univ.,  Ithaca,  N.  Y. ; 
Tiower  Palaeozoic,  Professor  N.  H.  Winchell,  St.  Geol.  Univ.  of 
Minn.,  Minneapolis;  Archaean,  Dr.  Persifor  Frazer,  201  South  6th 
St.,  Philadelphia,  Pa. 

It  is  the  duty  of  these  Reporters  to  obtain,  each  for  his  own 
sabject,  as  complete  information  as  possible  from  American  geolo- 
gists interested  in  it ;  but  on  account  of  the  difficulty  of .  ascer- 
taining the  names  of  all  who  have  information  to  impart  on  a 
particular  topic,  it  will  not  be  possible  to  address  letters  to  more 
than  a  few  of  those  who  are  known  to  have  studied  a  subject. 
For  this  reason  each  of  the  undersigned  appeals  to  all  his  pro- 
fessional brethren  for  aid  in  preparing  the  report  which  is  en- 
trusted to  him.  It  is  not  possible  that  any  single  scheme  will 
be  approved  by  all  geologists,  and  therefore  it  is  the  more  nec- 
essary that  there  should   be   a  fair  statement  of  any  opposing 
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in  each  refort.  Tliete  reports  will  be  mbmitted  to 
einn  and  dismsBOD  at  the  next  meg  ling  of  the  American  C 
mittee.  to  be  beld,  probablj,  next  Angust.  and  an  effort  is  being^ 
made  to  hare  tbem  disciis«ed  formallT  in  Section  £  at  the  meet — 
ing  of  the  American  Association  tor  the  AdTancement  of  Scienoe^^ 
to  be  held  afterwards  With  snch  adrantages  for  knowing  th^^ 
Tiews  of  oar  coantrjmen,  there  eeems  ererr  prospect  that  th 
American  repnr«entatioD  at  the  next  Congress  will  exercise  a2» 
inffnence  proportional  to  the  importance  of  its  constitnencT. 

Ge<jlogiftU  who  haTe  conTictions  as  to  classification,  nomencla- 
ture, coloration  or  anj  of  the  nnmerons  subjects  bronght  before 
the  last  Congress  (which  are  similar  to  those  to  be  broogitt 
before  the  neit),  or  who  believe  that  the  Congress  has  eired 
in  any  of  its  recommendations,  or  who  have  original  oboerra- 
tions  or  deductions  bearing  upon  any  part  of  the  seven  snbjects 
above  assigned  to  Reporters,  are  earnestly  requested  to  commu- 
nicate their  views  as  soon  as  possible  to  the  Reporter  having  in 
charge  the  subject  to  which  they  relate.  Those  who  neglect  to 
do  this  cannot  justly  complain  if  their  peculiar  views  are  neg- 
lected in  the  reports. 

Gkobge  H.  Cook,  J.  J.  Stevexsox,  H.  S.  Wiixiams,  Per- 
8IFOB  Fraeer,  N.  H.  Wixcheix,  K  D.  Cope,  Ecgexe  A.  Smith, 
ReporUrM. —  Communicated  by  the  ^>ecretaryj  Dr,  Frazer. 

3.  A  Marine  Biological  Laboratory, — The  great  importance  of 
a  Marine  Biological  Laboratory  at  some  point  on  the  New  England 
coast  for  instruction  and  investigation  has  led  to  the  selection  of 
a  board  of  Trustees  for  the  management  of  such  a  laboratory, 
consisting  of  Prof.  Wm.  G.  Farlow,  Miss  Florence  M.  Cushing, 
Prof.  A.  Hyatt,  Dr.  C.  Miiiot,  Miss  S.  Minns,  Prof.  Wm.  T. 
Sedcfwick,  an<l  also  of  a  committee  for  the  raisiuor  of  the  neces- 
sary  fon«ls  and  construction  an«l  arrangement  of  the  laboratory, 
of  which   Prof.   Hvatt  is  chairman.     The  laboratory,  which  has 
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been  in  successful   o|>eration  since  1S81,  at  Annisquam,  will  be 
merged  in  the  new  institution.     The  special  location  has  not  yet 
been  designated.     The  circular  which  has  been  issueii  states  that 
the  estimated  cost  of  location,  building  and  equipment  is  seven 
thousand  five  hundred  dollars;    and  a  like  amount  for  carrying 
on  the  work  for  five  vears.     The  committee  therefore  desire  to 
raise  the  sum  of  fifteen  thousand  <lollars  and  request  subscriptions 
for  that  purpose  from  all  those  who  are  interested  in  improving 
the  methods  of  education  and  contributing  to  the  advancement  oi 
science.     Subscriptions  may  be  sent  to  Samuel  Wells,  Esq.,  31 
Pemberton    Square,  Boston,  Mass.     There  ought  to  be  no  diffi- 
culty in  raising  twice  this  sum. 
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